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was the aatieni opinioD of not a few, in Ihe earlieft 
ages of philofophy, that the fixed fiars flood immoveable in 

the highell parts of the world ; that under the flxtd ftars the 
planets were carried about the fun ; that the earth, as one of 
the planets, defcribed an annual courie about the fun, while 
by a dioraal motion it was in the mean time revolved about 
its own axis ; and that the fun, as the common fire which • 
lerved to warm the whole, was fixed in the centre of the 
univerfe. ' 

This was the pbilofophy taught of old by Fhilolaus, Arif- 
tardm of Somas, Plato in his riper years^ and the whole fedi 
of the P^he^oreant ; and this was the judgment of Jtnasi* 
mander, more antient than any of them ; and of that wife 
king of the Roniaus, Numa Pompiliiis, who, as a lynibol of 
the hgure of the world with the fun in the centre, ereded a 
temple in honour of Fefta, of around form> and o(dained 
perpetual fire to be kept in the middle of it. 

The Egyptians were early obfervers of the heavens ; and 
from them, probably, this philofophy was fprcad abroad 
among other nations ; for from them it was, and the nations 
about them, that the Greeks, a people of themfelves mor^ 
add^ded to the fiudy of philology than of nature^ derived their 
firft, as well as foondeft, notions of philofophy ; and in the " 
veftal ceremonies we may yet trace the antient fpirit of the 
Egyptians; for it was their way to deliver their myfteries, 
that is, their philofophy of things above the vulgar way of 
thinkings under the veil of leligioos rites and hieroglyphio 
lymbols. 

It is not to be denied but that Anaxagoras, Democriius, ^ 
and others, did now and then ftart up, who would have it 
that the earth pofiefied the centre of the world, a^d that the 
Vol.. III. B 
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2 THE SYSTEM OF THE WORLD. 

£tm of all forts were revolved towards the weft about tbe 
earth quiefcent in the centre^ fome at a Mha, others at a 
flower rate. 

However, it was agreed on both fides that the motions of 
the cekftial bodies were performed in fpaces altogether free 
and void of refiftance. The whim of iblid orbs was of a later 
date> iotroduced by Eudosus, Cdippus, and Arijtatlt; when 
the antient philofophy began to decUne, and to give place to 
the new prevailing fi6tions of the Greeks. 

But, above all things, the phaenomena of comets can by 
no means confiil with the notion of folid orbs. The Chal- 
deans, the moft learned aftronomers of their time, looked 
upon, the comets (which of antient times before had been 
numbered among the celeftial bodies) as a particular fort of 
planets, which^ deferibing very eccentric orbits, prefented 
themfelves to our view only by turns, viz, once in a revolu*. 
tion, when they defcended into the lower parts of their or- 
bits. 

And as it was the nnavoidable confequence of the hypo- 
thecs of folid orbs,* while it prevailed, that the comets (liould 
be thrud down below the moon, fo no fooner had the late 
obfervatioos of aiironomers reftored the comets lo their an- 
tient places in the higher heavens, bat thefe celeftial ipaces 
were at once cleared of the incumbrance of (olid orbs, which 
by thefe obfervations were broke into pieces, and difcarded 
for ever. 

Whence ifwas that the planets came to be retained within 
any certain bounds in tbefe free fpaces, and to be drawn off 
from the re^iilinear conrfes, which, left to thonfelves, they 

Ihoulii liiive pinlued, into regular revolutions in curvilinear 
orbits, are queftioiis which we do not know bow the antients 
explained ; and probably it was to give fome fort of fatis- 
fodlion to this difficulty that folid orbs were introduced* 

The later pbiloibphers pretend to account for it either by 
the action of cerlain vortices, as Kepler and Des Cartes; or 
by Ibinc otlier principle of inipulfe or attradlion, as Bordli, 
Hookt, and others of our nation \ tor, £com the laws of motion. 
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it is moft certain that thefe effeds muft proceed from the 
adlion of Ibme force or other. 

But our piirpofe is only to trace out the quantity and pro- 
perties of this force from the phsiiomeDa (p. 174> voi. l 
and to apply what we difcover in (bme fimple cafes as prin- 
ciples, by which, in a mathematical way, we may eftimate 
the effedls thereof in more involved cafes ; for it would be 
endlefs and impofiibie to bring every particular to diredi and 
immediate obfervation. 

We fiud, til a nuUhmatical way, to avoid aU qneftkms 
about the nature or quality of this force, which we would 
not be underftood to determine by any liypolhefis ; and there- 
fore call it by the general name of a centripetal force, as it is 
a force which is dire6led towards fome centre^ and as it re- 
gards more particularly a body in that centre^ we call it cir* 
cum-folar, circum-terreftrial, circum-jovial ; and in like man- 
ner in refpe^t of other central bodies. 

That by means of centripetal forces the planets may be re- 
tained in certain orbits^ we may eafily underftand^ if we con« 
fider the mojbions of proje^les (p. 2, 4> yoL 1); for a 
ftone proje^ed b by the preffure of its own weight forced out 
of the re6Hlhiear path, which by the projedion alone it fhould 
have purfued, and made to defcribe a curve lino in the air; * 
and through that crooked way is at lail brought down to the 
ground ; and the greater the velocity is with which it is pro- 
je6iedj the further it goes before it falls to the earth. We 
may therefore fuppofe the velocity to be ib increafed, that it. 
would defcribe an arc of 1, 2, 5, 10, 100, 1000 miles before 
it arrived at the earth, till at lail, exceeding the limits of the 
earthy it (hould pafs quite by without touching it. 

Let AFB lepKlent the furface of the earthy C its centre, 
YD, YE, YFy the curve lines which a body would defcribe, 
if projedled in an horizontal direction from the top of an high 
mountain fucceflively with more and more velocity (vide vol. 
2^ p. 180); and, becaufe the cekftial motions are fcarcely * 
retarded by the little or no refinance of the fpaces in which 
they are performed, to keep up the parity of cafes, let us fup- 
pofe either that there is no air about the earth, or at leaic that 

« l>]ltfoi0OMai*lotte NewIdltMmof thtMi^^ 
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4 THE SYSTEM OF TB£ WORLD. 

it is endowed with iittle or no power of refilling ; and for the 
fame reafon that the body projeded with a left velocity de- 

fcribcs the ieilcr arc VD, and with a greater velocity the 
greater arc VE, and, augmenting the velocity, it goes farther 
and farther to F and if the velocity was fiill more and 
more augmented, it would reach at lafi. quite beyond the cir« 
enmference of the earth, and return to the mountain from, 
which it was projected. 

And lince tl)e areas which by this motion it defcribes by a 
radius drawn to the centre of the earth are (by prop. 1, book 1, 
Frincip. Math,) proportional to the times in which they are . 
defcribed, its velocity, when it relams to the mountain, will 
be no lefs than it was at firft; and, retaining the fame velo- 
city, it will defcribe the fame curve over and over, by the 
fame law. 

But if we now -imagine bodies, to be projeded in the di- 
redlions of lines parallel to the horizon fiom greater heights, 
as of 5, 10, 100, 1000, or more miles, or rather as many 
femi-diameters of the earth, thofe bodies, according to their 
difibrent velocity, and the diiiereat force of gravity in different 
heights, will defcribe arcs either concentric with the ear^, or 
varioufly eccentric, and go on revolving through the heavens 
in thofe trajedorie8> juft as the planets do in their orbs. 

As when a ftone is projected obliquely, that is, any way 
but in the perpenchcular direciiion, the perpetual deflediion' 
thereof towards the earth from the right line in which it waa 
projected is a proof of its gravitation to the earth, no lefs certain 
than its dire^^ defcent when only fuffered to iali freely from 
reft ; fo the deviation of bodies moving in free fpaces from 
rectilinear palhs, and perpetual defle<^ion therefrom towards 
any place, is a fure indication of the exiftence of fome force 
which from all quarters impeb thofe bodies towards that 
place. 

And as, from the fuppofed exiftence of gravity, it necefla- 
riiy ibllows thtit ail bodies about the earth muft prefs down- 
wards, and therefore muft either defcend dii;e4^1y to the earthy 
if they are let fall from reft, or at ieaft perpetually deviate 
from right lines towards the earth, if they are projefied ob- 
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THE SYSTEM OF THE WOHLD. 5 

Itquely ; fo from the fuppofed exideace^of a force di reded to 
anj oeDtre, it will follow, by the like neceffity, that all bodies 
upon which this force ads muft either defoeod diredly to 

that centre, or at leaft deviate perpetually towards it from 
right lines, if otherwife they ihould have moved obliquely ia 
thele right lines. 

And how fiom the motions given we may infer the forces, 
or from the forces given we may determine the, motions, is 
ihewn in the two firft books of onr Principles of Phi/ofophy. 

If the earth is fuppofed to ftand ftill, and the fixed flars to 
be revolved in free fpaces in the fpace of 24 hours, it is cer- 
tain the forces by v^hich the fixed flars' are retained in their 
orbs are not dire6ted to the earth, but to the centres of the 
feveral orbs, that is, of the feveral parallel circles, which the 
fixed flars, declining to one fide and the other iVoin the equa- 
tor, defcribe daily; alfo that by radii drawn to the centres 
of thofe orbs the fixed liars defcribe areas exa<ftly propor- 
tional to the times of defcnption. • Then, becanfe the perio- 
dic times are equal (by cor/s, prop. 4, book 1), it follows that 
the centi ipL lal ibrees are as the radii of the feveral orbs, and 
that they will perpetually revolve in the fame orbs. And the 
like confequences may be drawn from the i'uppofied diurnal 
motion of the planets. 

That forces Ihould be directed to no body on which they 
phyfically depend, but to innumerable imaginary points 
in the axis of the earth, is an hypothefis too incongruous. 
It is more incongruous ilill that thole forces fhould mcreafe 
exadly in proportion of the diftances from this axis ; ibr this 
is an indication of increafe to immenfity, or rather to infi»'^ 
nity; whereas the forces of natural things commonly de« 
creafe in receding from the fountain from which tliey flow. 
, But, what is yet more abfurd, neither are the areas delcrihed 
by the fame ^r proportional to the times,, nor are its revo- 
hitions performed in die fame orb ; for as the flar recedes 
from the neighbonring pole, both areas and orb increafe ; and 
from the increafe of the area it is demonftrated that the ' 
forces are not dire<Sled to the axis of the earth. And this 
difiicttlty (cor* 1, prop. S) arifes from the twofold motion 

B3 
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ibfit i» obferved in the fixed ftars, one diaroal round the axis 
of the eartbjthe other exceedingly flow roand the axis of the 
ecliptic. And the explication thereof requires a compofi* * 
tion of forces fo perplexed and fo variable, that it is hardly 
to be reconciled with -any phyiical theory. 

Tliat there aie centripetal forces adually dire^ed to the 
bodies of the fiin^ of the earthy and other planets^ I thus 
infer. 

The moon revolves about our earth, and by radii drawn to 
its centre (p. 167) defcribes areas nearly proportional to the 
' times in which they are defcribedj as is evident from its ve- 
locity compaied with its apparent diameter; for its motion 
is flower when its diameter is lefs (and therefore its diftanoe 
greater), and its inolion is fwifter when its diameter is greater. 

The revolutions of the fatellitcs of Jupiter about that planet 
are more r^^ ^uiar (p. i62); for they deicribe circles concen- 
tric with Jupiter by equable motions, as exa^y as our fenfes 
can diflinguifli. 

And fo the fatellites of Saturn are revolved about this 
planet with motions nearly (p. l64) circular and equable, 
fcarcely difturbed by any eccentricity hitherto obferved. 

That Venus and Mercury are revolved about the fun> is 
demonfl:rable from their moon«like appearances (p. 165): 
when they fhine with a full face, they are in thofe parts of 
their orbs which in refpedl of the earth lie beyond the fun ; 
when they appear half full, they are in thofe parts which he * 
oyer againft the fun; when horned, in thofe parts which lie 
between the earth and the {un ; and ibmetimes they pais 
over the fun's difk, when dire&ly interpofed between the 
earth and the fun. 

And Venus^ with a motion a^mofl uniform, delcribes an 
orb nearly circular and concentric with the fiin.. l 

But Mercury^ with a more eccentric motion, makes remark- 
able approaches to the fun, and goes off again by turns ; but 
it is always fwifter as it is near to the fun, and therefore by a 
radius drawn U> the fun Ml dieiiGribeii areas proportiouai to 
the times. 
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THE SYSTEM OP THE WORLD. 7 

hoBifp that the earth defcribet aboot the fan, or the fiin 
about the earth/ by a radius from the one to the other^ areas 

exadlly propoitional to the times, is demonltrable from the 
apparent diameter of the fun compared with its apparent 
motion. 

Thefeare aftioBomieal experimenis; from which it follows, 

by prop. }, 2, 3, in the iirft book of our Pritwiples, and their 

corollaries (p. 167, l68, 171)^ that there are centripetal forces 
adlually direfted (either accurately or without confiderable 
error) to the centres of the earth, of Jupiter, of Saturn, and 
of the fuD. In Mercury, Venus, Mars, and the leiTer placets, 
where experimjeots are waoting, the arguments from analogy 
muft be allowed in their place. 

That thofe forces (p. l67, l6*8, 171) decreafe in the dupli- 
cate proportion of thi^ diibinces froui the centie of every 
planet, appears by cor. 0, prop, 4, book i ; for the periodic 
times of the fatellites of Jupiter are one to another (p. l62, 
163) in the fefquiplicate proportion of their diftances from 
the centre of this planet. 

This proportion has been long ago obferved in thofe Ik^ 
tellites ; and Mr. Flamjled, who had often meafured theit 
diftanees from Jupiter by the micrometer, and by theeclipfes 
of the fatellites, wrote to me, that it holds to all the accDFacy 
that poffibly can be difcerned by our fonfes. And he fent me 
the dinieniions of their orbits taken by the micrometer, and 
reduced to the mean diilance of Jupiter from the earth, oc. 
from the fan, together with the times of their revolutioi^s, as , 
foUows: 



The greateft elonga- 
tion of dieistellites 
from the centre of 
Jupiter aslaen from 

die fan 


The periodic times of 
their levoiutioos* 


lft...i 48 or 108 
2d.. .3 01 or 181 
3d,.. 4. 46 or 286 
4th.. .8 13ior4^3i 


d. h. , 
1 18 28 36 
3 13 17 54 
7 03 59 36 

16 18 5 13 
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Whence the fefquiplk»ite proportion may he eldily jfeen. 

For example ; the 1 8^ 05' 13" is t o the time I*. 
36" as 4931" X v/493f to 108" X v/l08", negleding thofe 
fmall fradioos whicb^ in oblerving^ caanot be pertaiuly de- 
termined. 

Before the invention of the micrometer, the fame diftances 
were determined in femi-diameters of Jupiter thus : 

i^iilaoce of the ill. 2d. od. 4th. 

By Galileo 

Simon Mariiu, 

Cafmi 

BoreUi more ] 
exadly J 



. ^ 


10 


16' 


28 




10 


16 


26 


• 5 


8 


\6 


23 


.51 




14 


24| 



After the invention of the micrometer. 



By Town^,,* .5,51 

Flarri/Ied 5,31 

More arxurately 



by the ecHpfes}^ 



.5,578 



8,7 » 


13,47 


24,72 


8,85 


13,98 


24,23 


8,876 


14,159 


24,903 



And the periodic times of thofe fatellites, by the obfervations 

of Mr. Flamjicd, are.l*. IS**. 28' 36" | 3-*. 17' 64" | 1\ 
S'*. 59' 36" I 16<^. 18^ 5' 13", as above. 

And the dillances thence coi^puted are 5,578 | 8^878 1 
14,168 I £4,968, accurately agreeing with the diftances by 
obiervation. 

. Caffini aiTures us (p. 164, 165) that the fame proportion 
is obferved in the circum-faturnal planets. But a longer 
courfe of obfervations is required belore we can have a cer« 
tain and accurate theory of thofe planets. * 

In the circum-folar planets. Mercury and Venus, the fame 
profjortion fields with great accuracy, according to the dimen« 
lions of their orbs, as determined by the obfervations of the 
bell aftronomers. 

That INlars is revolved about the fun is demonllrated from 
the phafes which it (hews, and the proportion of its apparent 
diameters (p. l65, 166, and 167) ; for from its appearing full 
near conjandion with the fun, and gibbous in its quadratures^ 
it is certaiD that it furrounds the fun. 
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And iince its diameter appears aboat fiTe times greater 

when in oppofition to the fun than when in conjuncflioa 
therewith, and ijts diilance from the earth is reciprocally as its 
apparent diameter^ that difiaocc will be about five times lefs 
when in oppofition to than when in conjunction with the 
fun ; but in both cafes its diftance from the fon will be nearly 
about the fame with the diftance which is inferred from its gib- 
bous appearance in the quadratures. And as it encoinpailes 
the fun at almoft equal diftances, but in refpe6l of the earth 
is very unequally difiant^ fo by radii drawn to the fun it de* 
fcribes areas nearly uniform ; but by radii drawn to the earth, 
it is fometimes fwift^ fometimes ftationary^ and Ibmetimes re- 
trograde. 

That Jupiter^ in a higher orb than Mars^ is likewiie revolved 
about the fuh> with a motion nearly equable, as well in dift- 
ance as in the areas defcribed, I infer thus. 

Mr. Flamjted aifared me^ by letters, that all the eclipfes of 
the innermoft fatellite which hitherto have been well obferved 
do agree with his theory fo nearl}', as never to differ therelVooi 
hy two minutes of time ; that in the outmoft the error is little 
greater ; in the outmoft but one, fcarcely three times greater ; 
that in the innermoft but one .the difierence is indeed much 
greater, yet fo as to agree as nearly with his computations as 
the moon does with the common tables ; and that he com- 
putes thofe eclipfes only from the mean motions correded by 
the equation of light difcovered and introduced by Mr. 12a- 
foer. Soppofing, then, that the theory differs b3r*a lefs error 
than that of 2' from the motion of the outmoft laLellite as hi- 
therto def crib cd, and taking as the periodic time IG**. IS**. 5' 
13" to 9! in lime, fo is the whole circle or 360® to the arc 1' 
48"^ the error of Mr. Fiam^edu computation^ reduced to the 
fatdlite's orbit> will be lefs than I' 48" ; that is, the longi- 
tude of the fatellite, as feen from the centre of Jupiter, will 
be determined with a lefs error than 1' 48". But when the 
fatellite is in the middle of the Hiadow, that longitude is the 
fame with the heliocentric longKude of Jupiter ; andj there- 
fbre> thehypothefis which Mr. Flamfted SoUowb, viz: the Co- 
fermcan, as improved by Ktpkr, and (as to the motbn of 
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Jupiter) lately corredled by himfelf, rightly reprelents that 
longitude within a lefs error than l' 48"; but by this longi- 
tude, together with the geocentric longitude, which is always 
eafiiy founds, the diftance of Jupiter from tbe fun is deter* 
mined ; which mvA, therefoie, be the very fame with thai 
which the hypothefis exhibits. For that greateft error of 1* 
48" that can happen in the heliocentric longitude is almoft 
iofeoiible, and quite to be negledied^ and perhaps may arife 
from fmne yet undifcovered eccentricity of tbe fateUile; bol 
fince both longitude and diftance are rightly determined^ it 
follows of neceffity that Jupiter, by radii drawn to the fun, 
defcribes areas fo conditioned as the hypothefis requires^ that 
is, proportional to the times. 

And the fame thing may be concluded of Saturn from his 
fatellitei by tl|e obfervatious of Mr. Huygem and Dr. HaUey ; 
though a longer feries of obfervations is yet wanting to con* 
£rm the thing, and to bring it under a fufiiciently exadl com- 
putation. 

For if Jupiter was viewed from the fun, it would never 
pear retrograde nor fiationary, as it is feen fimietimes from 
the earth, but always to go forward with a motion neiuly vm* 

form (p. l66). And from the very great inequality of its ap- 
parent geocentric motion^ we infer (by prop. 3, cor. 4) that 
the force by which Jupiter is turned oat of a redlilinear courfe^ 
and made to revolye in an orb> is not direded to the centre 
of theearth. And tbe fame argument holds good inrMars and 
in Saturn. Another centre of thefe forces is theretore to be 
looked for (by prop. 2 and 3, and the corollaries of the latter), 
about which the areas defcribed by radii intervening may be 
e^piable; and that this is the fiin^ we .have proved already in 
Hars and Saturn nearly, but accurately enough m Japiter. 
It may be alledged that the fun and planets are impelled by 
fome other force equally and in the dire6lion of parallel lines,; 
but by fucb a force (by cor. 6 of the laws of motioa) no 
change would happen ia the idtaation of the pbnets one to 
another, nor any fenfible e&A follow : bat oar bufinefs is 
with the caufes of fenfible efFe^b. Let us, therefore, negled 
every iuch force as imaginary and precarious, and of no ufe 



Digitized by Google 



THE SYSTEM OF TB£ WORLD. II 

io^the phmomena of the heavens ; and the whole remainiog 
force by which Jupiter ii icopelled will be direAed (bjr prop. 
3, cor. 1) to the centre of the fun. 

Tlie diftances of the pltinets from the fun come out the 
faoie^ whetbei'^ witii Tycho, we place the earth in the centre 
of the fyfiem> or the fun with Captmiem : and we have al* 
ready proved that thefe diftances are true in Jupiter. 

Kepler and BuUialdus-htLve, with great care (p. l65), de- 
termined the diftances of tiie planets from the fun ; and 
hence it is that their tables agree bed with the heavens. And 
in all the planets^ in Jupiter and Mars, in Saturn and tha 
£arthj as well as in Venus and Mercury, the cu^s of their 
diftances are as the fquares of their periodic times; and there- 
fore (by cor. 6, prop. 4) the centripetal circum-folar force 
^ throughout all the planetary regions decrcaies in the diipli* 
cate pn^K)irtion of the diftances from the fun. In examining 
thb pdToportion, we are to ufe the mean diftaneesj or the 
tranfverfe femi-axesof the orbits (by prop. 15), and to negle^ 
thofe little fractions, which, in defining the orbits, may have 
arifen from the infcnlible errors of obfervation, or may be 
afcribed to. other cauies which we fhali afterwards explain* 
And thus we (hall always find the faid proportion to bold ex* 
a^ly ; for the diftances of Saturn, Jupiter, Mars, the EaKh, 
Venus, and Mercury, from the fun, drawn from the obferva- 
tions of aftronoraers, are, according to the computation of 
Kepler, as the numbers 9^1000, 619650, 15^50, lOOOOOj 
7d400, 38806 ; by the compulatioQ of BulluUdm, as the num^ 
hers g54198> 52S5£0, 15^950, 100000, 72998, 58585 ; and 
from the periodic times they come out QSoSoG, 52011 6, 
152399, 100000, 72333, 38710. Their diftances, according 
lo Kepler and Bullialdus, fcarcely differ by any lentiible 
quantity, and where they diflfer moft the diftances dmrn frona 
the periodic times lall in between them. 

That the circQm*terreftrial force likewiie decreafies in the 
duplicate proportion of the diftances, I infer thus. 

The laean diftance of the moon from the centre of the 
earth, is, in feqiMiameters of the earth, aqcofding to Pto^ 
<o«(y> K^kf in his Efiimrii^, BuUMim, BeigcUm, and 
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JUceiohit, 59 ; according to Flamfied, 59f ; according to 3^- * 
cho, 06 i ; to Fendelin, 60; to Copermcm, 60^; to Kireker, 62| 

(p. 169, ITO, 17 1). 

But T^cho, and ail that follow his tables ut refraction^ mak* 
iDg the refraclioni of the fun and moon (altogether againU 
tibe nature of Hght) to exceed thole of Ihe fixed ftars, and that 
bj about four or five minutes in the horizon^ did thereby aug* 
meiit the horizontal parallax of the moon by about the like 
number of minutes ; that is, by about the 12th or 15th part 
of the whole' parallax. Con eel this error, and the diftance 
will become 60 or 61 femiTdiameters of the earth, nearly 
agreeing with what others have determined. 

Let us, then, alVumc the iiiLan diltance of tlie moon 60 fe- 
mi-diameteT's of the earth, and its periodic time in relpe^i of 
the fixed liars 27"*. 7^ 43', as aftronomers have determined it. 
And (by cor. 6, prop. 4) a body revolved in our air, near the 
furface of the earth fuppofed at red, by means pf a centri- 
petai ibrcc wliich fliould be to the fame torce at the dift- 
ance of the moon in the reciprocal duplicate proportion of 
tbe difiancos from the centre of the earth, tliat is, as 3600 
to 1, would (fecluding the refillanceof the air) complete are- 
Yolutumin lh«4'fi7". 

Snppofe the circumference of the earth to be 123249600 
Pajis feet, as has been determified by the late nieiil'uration 
of the French (vide p. 188) ; then the fame body, deprived of 
its circular motion^ and falling by tbe impulfe of the fame cen- 
tripetal force as befi>re^ would, in one lecond of time, deforibe 
l^TT Parts feet. 

This we infer by a calculus formed upon prop. S6, and it 
^rees with what we obferve in all bodies about the earth. 
For by the experiments of pendulums, and a compntatioa 
raifed thereon, Mr. HuygtM has d^monftraied that .bodies 
falling by all that centripetal force with which (of whatever 
nature it is) they are impelled near the furface of the earth, 
do, in one fecond of time, defcribe IdA ^ari& feet. 

But if the earth is fu ppoled to move, the earth and moon 
together (by cor. 4 of the laws of motion, and prop. 57) will 
be revolved about tbeur common oantr^ of gravity. And th^ 



Digitized by Google 



TBS 8TSTBK OP THfi WOULD. 15 

* 

inooii (by prop. (iO) will m the fame periodic time, 27**. 7^. 4 J', 
with tlie Wv.ne iircum-teneftrial force diimniflied in the 
dui'licate proportion of the diftance^ defc^ibe an orbit whofe 
femi-diameter is to the femi-diamelcr of the former orbit, that 
h, to 60 leniiHiiaineters of the earth, as the fum of both the 
bodies of the earth and moon to the iirft of two mean pro- 
portionals between this liiin and the body of the earth; that 
is, if we fuppofe the iiiooii (on account of its mean appa- 
rent diameter 31 to be about ^ of the earth, as 43 to 

\/ 42 + 4dt^> or as about 128 to 127- And therefore the 
femi'diameter of the orbit, that is, the diftaoce between the 

centres of the moon and earth, will in this cafe be 60| femi-» 
diameters of the earth, airaoil the fame with thatafTigned by 
Copernicus, which the Tijclionic obiiervatious by no mean^ 
difprove ; and, therefore, the duplicate proportion of the de- 
crement of the force holds good in this diilance. I have ne- 
glected the increment of the orbit which arifes from the adion 
of tlic fun as inconiiderable ; but if tliat is fiibdiidled, the 
true diiiance will remain about 60^ femi-diameters of the 
earth. 

Bat farther (p. I67) ; this proportion of the decrement of 
the forces is confirmed froni the eccentricity of the planets, 

and the very ilow motion of then* apfes ; for (by the coroUai ies 
of prop. 45) in no other proportion could the circum-foJar 
planets once in every revolution defcend to their lei^ and 
once afoend to their greateft diiiance from the fun, and the 
places of thofe diilances remain immoveable. A fmall error 
from the duplicate proportion would [jruduee a motion of the 
apfes confiderable in every revolution, but in many enormous. 

But now, after innumerable revolutions, hardly any fuch 
motion has been perceived in the orbs of the circum«>folar 
planets. Some ailronomers affirm that there is no fuch mo- 
tion ; others reckon it no greater than what may eafily arife from 
the caules hereafter to be afligned, and js of no moment in 
the p relent queiiion. 

We, may even negledi the motion of the moon's apfis^ 
(p. i68)> which is lar greater than in the ciream^fdiar 
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pianets^ amounting in every revolution to three degrees ; and 

from this motion it is dciiiourtrublc that the circum-terreltiia! 
force dccreales in no lefs than the dupUcate, but far lefs than 
the triplicate proportion of the diftance ; for if the duplicate 
proportion was gradually changed into the triplicate^ the mo- 
tion of the apfis would therehy increafe to infinity ; and, there^ 
fore, by n very fmall mutation, would exceed the motion of 
the moon's aplis. This flow motion ariies from the action of 
the circum-folar force, as we fhall afterwards explain. But, 
fecluding this caufe^ the apfis or apogeon of the moon will be 
fixedj and the duplicate proportion of the decreafe of the cir- 
<nnn-terrefirial force in different diilances firom the earth will 
accurately take place. 

!Now that this proportion has been eilabiiftied, we may 
compare the forces of the feveral planets among themfelves 
(p. 178). 

In the mean diftance of Jupiter from the earth, the greatieft 

elongation of the outinoll fatcliite i'vom Jupiter's centre (by 
the obfervations of Mr. Flamjled) is 8' 13''; and therefore 
the diftance of the fatellite from the centre of Jupiter is to 
the mean diftance of Jupiter from the centre of the fun as 
184 to 5^12, but to the mean diftance of Venus from the 
centre of the fun as 124 to 7234; and their penudic times 
are IfiJ**. and 'i24|'*. ; and from hence (according to cor. 2, 
prop. 4), dividing the diftances by the fquare's of the times, 
we infer that the force by which the fatellite is impelled to* 
wards Jupiter is to the force by which Venus is impelled to- 
wards the futj as 442 to 143; and if we diminifti the force 
by which the fatellite is impelled in the duplicate proportion* 
of the diitance \9A to 72x34, we Ihall have the circum-joviai 
force in the diftance of Venus from the fun to the circum- 
folar force by which Venus is impelled as ^ to ]4d> or aa 
1 to 1 100 ; wherefore ateqiial diftances the circcun-folar force 
is 1 100 times ei cater than the circum-joviid. 

And, by the like computation, from the periodic time of 
the fatellite of Saturn 2^^. and its greateit elongation firom 
JSatnm, while that planet is in its mean diftance firom us, ^ 
SO ', it follows that tbs diftance of this fotellite fam Saturn's • 
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cenue is 16 the dtftanoe of Veniif from the ibn ai m\ to 

7234; and from thence thut the abfolule ciicum-iular iurce 
is 23(iO times greater than the abfolute circum-laturnal. 

From the regalaritj of the heliocentric and irregularity of 
the geocentric motions of Venns> of Jupiter, and the other 
planets, it is evident (by cor. 4^ prop. 3) that the ctrciuii* 
terrelhial force, compaied witli the circum-folar, is very 
fmall. 

Ricciolm and Vtndelin have feveraliy tried to determine 

the fun's parallax from the moon's dichotomies ohferved hy 

the telefcope, and they agree that it does not exceed half 
a minute. 

Kepler, from Tycho\ obfervations and his own, foiuid 
the parallax of Mars infeiifible, even in oppofition to liie 
fun, when that parallax is fomethiog greater than the fun's. 

Fiamfied attempted the fame parallax with the microme- 
ter in the pcrigeon pofition of Mars, but never found it 
above 25"; and thence concluded the fun's parallax at moft 

Whence it follows that the di&ance of the moon from the 
earth bears no greater proportion to the difiance of the earth 
from the fun than 99 to 10000; nor to the difiance of Venus 
, from the fun than 29 to 7233. 

From which diflances, together with the periodic times, 
by the method above explained, it is eafy to infer that the 
abfolute circum-iblar force is greater than the abfolnte cir- 
cum-terreftrial force at leail 9,29400 times. 

And though we were only certun, from the obfervations of 
Ricciolus and Fendelin, that the fun's parallax was lefs than 
half a minute, yet from this it will follow that the abrolute 
circum-folar force exceeds the abfolule circum-tene^ial force 
8500 times. 

By the like computations I happened to difcover an analogy 

that is obfervcd between tlic lorces a*id the bodies of the 
planets; but, before I explain this analogy, the apparent 
diameters of the planets in their mean di^nces from the 
earth muft be firft determined. 

Mr. Fiamfltd{p, \6o), by the micrometer, meafnred the 
diameter ot Jupiter 4(/ or 4 1 ' ; the diameter of Saturn's ring 
50" i and the diameter of the fun about 3i2' 13" (p. ido). 

» 
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Bat the diameter of Saturn In to the diameter of the ring/ 

according to Mr. Huygens and Dr. Halky, as 4 to 9; accord- 
ing to Gallttius, as 4 to 10; and according to Hooke {by 
atekfcope of 60 feet), as 5 to 12. Aod from the meau 
proportion^ 5 to 12, the diameter of Saturn's body is inferred 
•bout 

Such as we have faid are the apparent magnitudes; but, 
bccanl'e of the unequal refrangibility of light, all lucid points 
are dilated by the teiefcope, and in the focus of the objed- 
g^als poflefs a circular fpace whofe breadth is about the 50th 
part of the aperture tsf the glafs. 

It is true, that towards the cirenmference the light is fd 
rare as hardly to move the fenfe; but towards the middle, 
where it is of greater denfity, and is fenfible enough, it makes 
a fmall lucid circle, whofe breadth varies according to the 
fplendor of the lucid point, hut is generally about the Sd, 
or 4th, or 5th part of the breadth of the whole.* ^ 

Let ABD reprelent the circle of the whole light; PQ the 
fmall circle of the denfer and clearer light ; C the centre of 
both; CA, CB, femi-diameters of the greater circle' contain- 
ing A right angle at C; AC BE the fquare comprehended 
tinder thefe femi-diameters ; AB the diagonal of that fquare ; 
EGH an hypcibola with the centre C and afymptoles CA, 
CB; PG a perpendicular ereded from any point P of the 
line BC, and meeting the hyperbola in G, and the right lines 
AB> AE, in K and F: and the denfity of the light in any 
place P, wit], by my computation, be as the line F6, and 
therefore at the centre infinite, but near the circumference 
very fmall. And the whole light within the fmall circle PQ 
is to the whole without as the area of the quadrilateral figure 
CAKP to the triangle PKB. And we are to underftand the 
.fmall circle PQ to be there terminated, where FG, the' den- 
fity of the light, begins to be lefs that what is required to 
move the fenfe. 

Hence it was, that, at the diftance of 191382 feet, a fire of < 
d feet in diameter, through a telefcope of S feet, appeared to 
Mr. Pieart of 8"- in breadth, when it ihould have appeared 
only of 3" 14"'; and hence it is that the brighter fixed fiars 
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appear through the telefeope as of 5" or 6^ in diameter^ 

«nd that with a good full light; but with a fainter light they 
appear to run out to a greater breadth. Hence, likewife, it 
was that HevcUuip by diminiihiflg the aperture of the teleicopc, 
did cut off a great part of the light towards the circomfe* 
ienQe> and brought the di(k of the ftar to be more diftmdly 
defined^ which^ though hereby diminifhed^ did yet appear at 
of 5" or 6" in diameter. But Mr. Huygens, only by clouding 
the eye-glafs with a little fmoke^ did fo effe(^ally extioguifli 
thb fcattered lights that the fixed ftars appeared as mere 
points^ void of all ieofible breadth. Hence tdfo it was that 
Mr. Huygens, from the breadth of bodies interpofed to 
intercept the whole liglit of the planets^ reckoned their dia- 
meters greater than others have meafured them by the mi- 
crometer ;for the fcattered lights which could not be ieen before 
tor the fironger light of the planet^ when the planet is hid» 
appears every way farther fpread. Lailly, from hence it is 
that the planets appear fo fmall in the diik of the fun, being 
leflened by the dilated light. For to HevcUus, Gallctius, 
and Dr. Ualle^, Mercury did not feem to exceed 12'' or }5" ; 
and Venus appeared to Mr. Crabtrie only 1' 3''; to Horros 
but 1' IS^; though by the menfurations of Hevdhu and 
Hugenius without the fun's diili, it ought to have been feen 
at leaft 1' 24". Thus the apparent diameter of the moon, 
which in 1684^ a few days both before and after the fun'g 
ecliplcj was meafured at the obfenratory of Fam 31' 30^, 
in the eclipfe itielf did not ieem to exceed 30'^or 90l 05"; 
and therefore the diameters of the planets are to be diminiflied 
when without the fun, and to be augmented when within it, 
by fome feconds. But the errors fecm to be lefs than ufuai 
in the menfurations that are made by the micrometer. So 
from the diameter of the fhadow, determined by the eclipfes 
of the fatellites, Mr. Ttamfted found that the femt-diameter 
of J upiter was to the greatelt elongation of the outmoft fatel- 
lite as 1 to 24,903. Wherefore fince that elongation is 8* 
IS", the diameter of Jupiter will be 39^' ; and, reje^^ug the 
fcatterdd lights the diameter found by the micrometer 40" or 

41" will be leduced to 39^; and the diameter of Saturn £1" 
Vol. HI, , C 
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is lo be dtmioiihed by the like corre&lon^ aod Id be /eckooed 
20", or fomething leis. Bot (if I am not miftaken) the diame- 
ter of the fun, becaufe of its ilrongcr light, is to be diminifked 
fomething more, and to be reckoned about 32', or 32' 6". 

That bodies fo different m magnitude fliould come fo near 
to ao Analogy with their forces, is not mthoot fome myfterj 
(p. 180). 

It may be that the remoter plancl^, for want of heal, have 
not thofe metallic fubftdnccs and ponderous minerals with 
wiiioh our earth abounds^ and that the bodies of V enus and 
Mercuiy, as they are more ezpofed to the fun's heat, are alfo 
harder baked, and more compadi;. 

For, from the experiment of the burning-glafs, we fee that 
the heal increafes with the denfity of light; and this denfity 
increafes in the reciprocal duplicate proportion ofthediftance 
from the fun; from whence the fun's heat in Mercury is 
proved to be fevenfold its heat in our fummer feafons. fiul 
with this heat our water boils; and thofe heavy fluids, 
quickfilver and the fpirit of vitriol, gently evaporate, as I 
have tried by the thermometer; and therefore there can be 
DO fluids in Mercury but what are heavy, and able to bear a 
' great heat» and from which fnbftances of great denfity may 
be nonriihed* 

And why not, if God has placed different bodies at differ- 
ent diflauees from the fun, fo as the denfer bodies always 
pofTefs the nearer places, aod each body enjoys a degree of 
beat fuitabie to ils condition, and proper for its nouriihment? 
Froln this ctpnfideration it wiU beft appear that the weights of 
all the planets are one to another as their forces. , 

But I fliould be glad the diameters of the planets were 
more accurately meaiured; and that may be done, if a lamp, 
iet at a gieat diflanoe, is made to (hine through a circular hol^ 
and both the hole and -the light of the lamp aie fo diminiihed 
that the fpeiftrum may appear through the telefcope jud like 
the planet, and may be defined by the fiime meafure: then 
the diameter of the hole will be to its diftance from the ob- 

jediivegiais as the true diameter of the planet to its dif* 
taoce horn us. The light of the lamp may be diminiihed by 

the interpofition either of pieces of cloth, or of finoked glafs. 
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Of kin to the analogy we have been defcribing, there it 
another obferved between the forces and the bodies attradied 
(p. J73v 174^ 17 o). Since the adion of the centripetal force 
upon the planets decreafes in the duplicate proportion of the 
diftaoce^ and the periodic time increafes in the fefquiplicale 
thereof, it is evident that the a6lions ot" the centripetal force, 
and therefore the periodic times, would be equal in equal 
planets at equal diftances from the fun ; and in equal diflances 
of unequal planets the total aiSbons of the centripetal ibrce. 
would he as the bodies of t^e planets;, for if the 
actions were not proportional to the bodies to be 
nioved, they could not equally retract thefe bodies from the 
tangents of their orbs in equal times : nor could the motions 
of the fateliites of Jupiter be fo regular, if it was not that the 
cifcum-folar force was equally exerted upon Jupiter and all 
its fateliites in proportion of their feveral weights. And the 
fame thing is to be faid of Saturn in refpedt of its fatellite, 
and of our earth in refpedl ot the mooo, as appears from cor. 
2 and 3, prop. 65. And, theretbre, at equal diftanccs, the 
aiftions of the centripetal force are equal upon all the planets 
in proportion of their bodies, or of the quantities of matter 
in their feveral bodies; and for the lauie rcalbn mult be the 
fame upon all the particles of the fame fize of which the 
planet is compofed^ tor if the at^ion was greater upon fome 
fort of particles than upon others than in proportion to their 
quantity of matter, it would be alio greater or lefs upon the 
whole planets not in proportion of the quantity only^ but 
likewife of the fort of the matter more copiouily found in one 
and more fpariugly in another. 

Infuch bodies as are found on our earth of very different forts^ 
I ezaaiined this analogy with gi*eat accuracy (p. 1 12, ] 13)* 

t If the aiftion of the circum-terreftrial force is proportional 
to the bodies to be moved, it will (by the fecond law 
of motion) move them with equal velocity in equal times, 
and will make all bodies^ let fall to defcend through equal 
Ipaces in equal times, and all^ bodies hung by equal threads 
to vibrate in equal times. If the a6lion of the force was 
greater, the times would be lefs^ it ihuL was lefs, thefe would 
be greater* 
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But it has been long ago obferved by others, that (allow- 
Imce being made for the i'mall leMtAnce of the air) all bodies 
defcend through equal fpaoes in equal times; and, by the 
help of pendulums, that equality of times may be diftinguifti- 
ed to great exadlnefs. 

I tried the thing in gold, iilver, lead, glais, fand, commoa 
falty wood^ waler^ and wheat. I provided two equal wooden 
boxes* I filled the one with wood, and fufpended an equal 
weight of gold (as exactly as I could) in the centre of ofcilla- 
tion of the other. The boxes, hung by equal threads 
of 11 feet, made a couple of pendulums perfedly equal 
in weight and figure, and equally expofed to the refinance of 
the air: and, placing the one by the other,.! obferved them 
to play together forwards and backwards for a long while, 
with equal vibrations. And therefore (by cor. 1 and 6, prop. 
• 24, book 2) the quantity of matter in the gold was to the 
4}nantity of matter in the wood as the a(5lioQ of the motive 
force upon all the gold to the a^ton of the .fame upon all the 
wood 4 that is, as the weight of the one to the weight of the 
other. 

And by thefe experiments, in bodies of the fame weight, 
could have difcovored a difference of matter iefs than the 
thoufandth part of the whole. 

Since the a^lion of the centripetal force upon the bodies 
attra6led is, at equal diilances, proportional to the quantities 
of matter in tliole bodies, reafon requires that it (hould be alfo 
proportional to the quantity of matter in the body attracling. 

For all adiion is mutual, and (p. 14, 27i v, 1, by the third law 
. of motion) makes the bodies mutually to approach one to the 
'other, and therefore muft be the fame in both bodies. It is 
true that we may confiider one body as attra<$ling, another as 
attraded ; but this di^n(^iion is more mathematical than n&» 
tural. The attradlion is really common of either to other, and 
therefore of the fame kind in both. 

And hence it is that the attraiftive force is found in both. 
The fun attraiTts Jupiter and the other planets ; Jupiter at- 
tra^ its iateliites i andj for the fame reafon, the fatellites aA 
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as well one upon another as upon Jupiter^ and all th^ planets 
mutually one upon another. 

And though ih^ mutual adiond of two planets may be dif* 
tingoifhed and confideied as two^ by which each attnuSb lh« 
other^ yet^ as thofe adtions are intermediate^ they do not 
make two but one operation between two terms. Two bodies 
may be mutually attradled each to the other by the contrac- 
tion of a cord interpofed. There is a double caufe of adUoOj 
to wit^ the difpoiitioii of both bodies^ as well as a|iouble ac- 
tion in ib far 88 the sAkm is oonfidered as upon two bodies > 
but as betwixt two bodies it is but one fingle one. It is not n 
oneadlion by which the fun attrads Jupiter, and another by 
which Jupiter attra^ the fun ; but it is one a<^on by which 
the fim and Jupiter matoally endeavour to approach each the 
other* By the aAbn with which the fan attrads Jupiter, 
Jupiter and the fun endeavours to come nearer together (by 
the third law of motion) ; and by the a6lion with which Jupi- 
ier attra^te the fun^likewife Jupiter and the fun endeavour to 
come nearer together. But the fun is not attracted towards 
Jupiter hy a twofold a^on> nor Jnpiter by, a twofold wSUon 
towards the fnn ; hat it is one fingle intermediate aAion^ by 
which both approach nearer together. » 

Thus iron draws the load-ftone (p. 27, vol. 1), as well as the 
load^flone draws the iron ; for ail iron in the neighbourhood of 
'the load-ftone draws other iron* Bot the a^on betwixt the 
load-ftone and iron is fingle^ and is confidered as fingle by Ihe 
philofophers. The adlion of iron upon tHe load-ftone is, in- 
deed, the a6lion of the load-llone betwixt itfelf and the iron, 
by which both endeavour to come nearer together : and fo it 
manifeftly appears ; for if you remove the load-ftoae> th« 
whole force of tbe iron almoft ceafes. 

In this i^fe It IS that we are to conceiye one fingle adUoi^ ^ 
to be exerted betwixt two planets, ariiing from the confpir- 
ing natures of both ; and this w^ion Handing in the fame re- 
lation to both, if it is proportional to the quantity of matter 
in the one, it wiU be alfo proportional to Ihe ijiiantity of wi^ 
ttrin the other, 
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Perhaps it may be objeded, that, according to this philofo- 
phy (p. 17 Q), ail bodies ihould mutually attract ooe ano- 
ther, contrary to tbe evidence of experiments in teneftriaL 
bodies; but I anfwer, that the esqperiments in lerreftrial bo* 
dies come to no account ; for the attra6lion of homogeneous 
fphcres near their furfaces are (by prop 7C) as their diame- 
ters. AVhence a fphere of one foot in diameter, and of a 
like nature to the earth, wonid attrad a fmail body placed 
near its forfaoe with a force 20000000 time^ lefs than the 
earth would do if placed near its furface ; but fo fmall a force 
could produce no Ibnfible effed. If two fuch fpheres were 
diiiant but by i of an inch, they would not, even in fpaees 
void of reiiilance, coine together by the force of their mutaal 
attraAion in leis than a month^s time ; and lefs fpheies' wil 
'come together at a rate yet flower, viz. hi the proportion of 
their diameters. Nay, whole mountains will not be fuflficient 
to produce any fenfible effedi, A mountain of an hemifpheri- 
cal figure, three miles high> and fix broad^ will not, by its at- 
tra^on> draw the pendulum two minutes out of the true per- 
pendicular ; and k ii only in the great bodies of the planets 
that thefc forces are to be perceived, unlefs we may reafoA 
about fmaller bodies in manner following* 
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Lei ABCD (p. 27, to). 1) wpreCent the globe of 
the earth cut by any plane AC into two parts ACB, and 
ACD, The pact ACB bearing upon the part ACD prcifes it 
witb its whok weight; nor can the pari ACD fuflain this 
pidTaie^.aodooiitimie uniiioved^ if it. is not oppofed by an 
eqsal oontmry preflbte. Aod therefore the parts equally 
prefs each other by their weights, that is, equally attract each 
other, according to the third law of motion ; and, if feparated 
and let go, would fall towards each other with velocities reci- 
pioioaUy as the.bodiea. All which we may try and fee in the 
Ipad-fione, whole atlniAed pert does not propel the part at- 
tracting, but is only flopped and luiiaiiied thereby. 

Suppofe now that ACB reprefents Ibme fmall body on 
the earth's furface; tbeo^ becaufe the mutual attradions of 
this particle^ and of the xemaining part ACD of the earth to- 
waids each other, are equal> hut the attradtion of the particle 
towards the earth (or its weight) is as the matter of the par- 
ticle (as we have proved by the experiment of the pendulums), 
the attra<5iion of the earth towards the particle will likewife 
be as the matter of the particle ; and therefore the attra^ive 
fbioea of «ll t^neftrial bodies will be as their feveral qnurtities 
of matter. 

The forces (p. 175), which are as the matter in ter- 
redrial bodies of all forms, and therefore are not mutable 
with the forms^ mu& be foand in all forts of bodies whatfo 
efetp oaleAial ^.weU as'terreftrial, and be in all piopor* 
tional to their quanttties of mattter, becahfe among all theve 
is no difference ot i'ubftance, but uf inode:> and forms only. 
But in the celeftiai bodies the fame thing is likewife proved 
thoa* We haye fliewn that the adlion of the circum-folar 
teoe qpoii eU the planets (ledwed to e<|iial diftaooes) is as 
iheMltlerof thefdanets; ^attheadlion oftheolrcnm-jovial 
force upon the fatellites of Jupiter obferves the fame law; 
and the fame thing is to be faid of the altraclion of all the 
planets towards every planet ; bnt thence it follows (by prop. 
§SID that tinnr attrattve forces an as their fevcral qvantitiM 
idfjMiUer. 
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As the parts of the earth mutoally attraft due another^ fo 
do thofe of all the planets. If Jupiter and ils faleHites were 

brought together, and formed into one globe, without doubt 
they would continue mutuall}^ to attradi one jinother as be- 
fore. And, on the other hand^ if the body of Jupiter wa» 
broke into more globea, to be fare, thefe would no Ids attrad 
one another than they do the fatelUtes now. From thefe ai- 
tradlions it is tliat the bodies of the earth and all the planets 
effe<5l a fpherical figure, and their parts cohere, and are not 
difperi'ed through the aether. But we have before proved that 
thefeforcesarifefrom the univerialnatuieof nlatter(p« ]77)>and 
that, therefore, the force of any whole globe is made up of the 
feveral forces of all its parts. And from thence it follows (by 
cor. 3, prop. 74) that the force of every particle decreafes in 
the duplicate proportion of the diilance from that particle; 
and (by prop. 7dand 7d) that the force of an entire globe, rec- 
koning from the furface outwards, decreafes in the di^licate, 
but, reckoning inwards, in the fimple proportion of the dif- 
tances from the centres, if the matter of the globe be uniform. 
And though the matter of the globe, reckoning from the cen- 
tre towards the furface, is not uniform (p. 177^ 178), yet 
the decreafe in the duplicate proportion of the diftanoe out» 
wards would (by prop. 76) take place, provided that diffimni- 
ty is fimilar in places round about at equal dillances from the 
centre. And two fuch globes will (by the fame propofition) 
attra^ one the other with a force decreafing in the dupkcate 
proportion of the diftance between their centres. 

Wherefore the abfolute Ibrce of every globe is as the quan- 
tity of matter which the globe contains ; but the motive iorce 
by which every globe is attra6led towards another, and which, 
in terreilrial bodies, we commonly call their weight, is as the 
content onder the quantities of matter in both globes applied 
to the iquare of the diftance between their centres (by cor. 4, 
prop. 76), to which force the quantity of motion, by which 
each globe in a given time will be carried towards the other, 
is proportional. And the accelerative force, by which every 
globe according to its quantity of matter is attra^ed towards 
•uother, is aa tfaa quantity of matter in that other globe ap-* 
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pUed to the iquare of the difiance between the centres of the 
two (by con 2, prop. 76) ; to which force, the velocity by 
which the attra6led globe will, in a given ttnie> be carried to-^ 

ward.s the other is proportional. And from thefe principles 
well underftood, it will be now eafy to determioe the motioof 
of the celeiiial bodies among themfeives. 

From coipparing the forces of the planets one with ano- 
ther, we have above feen that the circum-folar does mora 
than a thoufand limes exceed all the reft ; but by the adion 
of a force fo great it is unavoidable but that all bodies with- 
in, nay, and far beyond, the bounds of the planetary iyiiem 
muft defcend dire&Iy to the fun, unkfs by other motioos they 
aie impelled towards other parts : nor is our earth to be ex- 
cluded from the number of fuch bodies; for certainly the 
moon is a body of the fame nature with the planets, and fub- 
jedl to. the fame attractions with the other planets, feeing it is 
by the wcum-temftrial force that it is retained in its orbii. 
But that the earth . and moon are equally attra6):ed towards 
the fun. we have above pravej ; we have likewife before 
proved that all bodies are fubjcct to the iliid common laws of 
attra6lion. Nay, fuppofmg any of thofe bodies to be depriv- 
ed'of its circular motion about the fun, by bavins: its difiance 
from the fun, we may iind (by prop. 36) in what fpace of time 
it wonld in its defcent arrive at the fun ; to wit, in half that 
periodic time in which the body might be revolved at one 
half of its former diftance ; or in a fpace of time that is to the 
periodic time of the planet as 1 to 4 v'S ; . as that Venus in 
its defcent would arrive at the fun in the fpace of 40 days, 
Jupiter in the fpace of two years and one month, and the 
earth and moon together in the fpace of 66 days and 19 
hours. But, ftnce no fuch thing happens, it muft needs be, 
that thofe bodies are moved towards other parts (p. 3, vol. 
1), nor is every motion fufficient for this purpofe. To 
kinder fuch a defcent, a due proportion of velpeity is re^ 
-quired. And hence depends the force of the argument 
drawn from the retardation of the motions of the planets. 
Uniefs the circum-folar force decreafed in the duplicate ratio 
of their incieafing ilowneis, the excefs thereof would force 
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thofe bodies to defcend to the fun ; for itidance, if the mo- 
tion (coiteris paribus) was rctajrded by one half^ tbe pianei. 
voukl be retained in its orb by one fourth of the former cir* 
QBU-folar force, and by the excefs of the other three fourths 
would defcend to the fun. And therefore the planets (Sar 
turn, Jupiter, Mars, Venus, and Mercury) are not really retard- 
ed in their perigees, nor become really llationary, or regref- 
five with How moUons. All thefe are but appaxenl^ and the 
•bfohite motions, by which the planets oontimie to revolve in 
their orbits, are always dipe6^, and nearly equable. Bat th^t 
fueh motions are perloiuied about Uie fun, we have aheady 
proved; and therefore the fun, as the centre of the abfolute 
motions, is quiefcent. For we can by no means allow quie- 
{beaoe to the earth, left the planets in their perigees ikould 
indeed be truly retarded, and become truly fiation^ and se- 
grefTive, and fo for want of motion fhould defcend to the fun. 
But farther; fince the planets (Venus, Mars, Jupiter, and the 
jeii) by radii drawn to the fun defcribe regular orbitfl^ and 
areas (as we have Ihewn) neaiiy and to fenfe proportional to 
the times, it follows (by prop. 5, and cor^ j), prop. €5) thal;^^ 
the fun is moved with no notable force, unlefs perhaps wil^ 
fuch as all the planets are equally moved with, according to 
their feveral quantities of matter, in parallel lines, and fo the 
whole fyflem is transfered in right lines. Reje& that tranf* 
iaUon of the whole fyfiem, and the iktt will be aftttoft q«e« 
ibent in the centre thereof. If the fan was vevolfed abool 
the earth, and carried the other planets round about itfelf, the 
earth ought to altra«5l the fun with a great force, but the 
circum-lblar planets with no force producing uTiy feniible 
affe&, which is contrary to prop. 3,. cor. 65. Addto«lu% 
that if hitherto the earth, beeaafe of the gravitab'on of itt 
parts, has been placed by moft authors in the lowermoft re- 
gion of the univerfe ; now, for better reafon, the fun poflefTed 
of a centripetal force exceeding our teneibrial gravitation 4 
thooiand times and liioie, ought to be depreflcd into tbt 
bwermoft place, and to be held far the eentm of the fyflenu 
\ And thus the true difpoiition of the whole fyiiem wiil be more 
fully and more exa<^ly underiiood« 
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Becaufe the fixed Itars are quieicont one in refpeci of 
anothei (p. 182, 18S), we may confider the tan, earth/ and 
planets> as one fyftem of bodies carried hither and thither by 
various motions among themfelves; and the commom centre 
of gravity of all (by cor. 4 of the laws of motion) will either 
be quiefcent, or move uniformly forward in a right line: in 
which cafe the whole fyftem will likcwife move uniformly 
forward in right lines. But this is an hypothecs hardly to be 
admitted ; and, therefore, fetting it aiide, that common cen- 
tre will be quiefcent: and from it tho fun is never far remov- 
ed. The common centre of gravity o^' the fun and Jupiter 
faJls on the i'urface of the fun;, and though all the planets 
were placed towards the fame parts from the fun with JnpHer 
the common centre of tihe fun and all of them would fcftrce<> 
^ ly recede twice as far from the fun's centre; and, therefore, 
thouj^hthe fun, according to the various fitnatiun of the planets, 
is variouily agitated, and always wandering to and tro with a 
How motion of llbration, yet it never lecedes one entire dia- 
meter of its own body ftool f!ie qniefcent centre of the whote 
fyflem. But from the' weights of the fun «nd pbinets abor^ 
determined, and the fituation of all among thomfelvcs, their 
common centre of gravity may he found; and, this bein^ 
giveOj the fun's plac^ to any fuppofed time may be obtained. 

About the fun thus librated the other planets are revoh- 
ed'in elWpdt orbits (p. 184), and, by radii dfav^n to the 
fun, defcribe areas nearly proportional to the times, as is ex- 
plained in prop. 63. If the fun was quiefcent, and the 
other planets did not oGt mutually one upon anotiier, their 
orbits would be elliptic, and the areas exactly proportional 
to the times (by prop. 11, and cor. 1, prop. 13). Butthea^oiis 
of the planets among themfelves, compared with the ac- 
tons of the fun on the planets, are of no moment, and pro- 
* duce no fenfible errors. And thofe errors are lefs in revolu- , 
tions about the fna agitated in the manner but now defcribed , 
' than if tfaofe revolutions were made abont the the fun qni- 
efcent (by prop f)6, and cor. prop. 68), efpecially if the,ibcns 
of every orbit is placed m the common centre pf gravity of 

t 
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all the lower included planets ; viz. the focus of tlie orbit of 
Mercury in the centre of the fun; the focus of the orbit of 
Venus in the common centre of gravity of Mercury and the 
fan; the focu» of the orbit of the earth in the common 
centre of gravity of Venus, Mercury^ and the fun; and fo 
of the reft. And by this means the foci of the orbits of all 
the planets, except Saturn, will uot be fenfibly removed 
£rom the centre of the fun, nor will the focus of the orbit 
of Saturn leoede feniibly from the common centre of gravi^ 
of Jupiter and the fan. And. therefore aftronomers-are not 
fiir from the truths when they reckon the fun's centre the 
common focus of all the planetary orbits. In Saturn itfelf 
the error thence arifing does not exceed 1' 4o"* And if it^ 
orbit, by placing the focus thereof in the common centre of 
gra^dty of Jupiter and the fun^ 0udl happen to agree better 
with the phenomena^ from thence all that we have faid will 
be farther confirmed. 

If the fun was quiefcent^ and the planets did not a^ one on 
another, the aphelions and nodes of their orbits would likewife 
(by prop. 1^ 11, and cor. prop.. IS) be quiefceot. And the 
longer axes of their elliptic orbits would (by prop. 15) be as die 
cubic roots of the fquares of their periodic times : and there- 
fore from the given periodic times would be alfo given. But 
, thofe times are to be meafured not from the equino<S^ial points^ 
which are moveable, but from the firft ftar of Aries. Put 
the femip>azb of the earth's orbit IQOOOO, and the femi-axes 
of the orbits of Saturn, Jupiter, Mars, Venus, and Mercury, 
from their periodic times, will come out 963806,520116, 
152399, 7 2333, 387 10 refpeaively. But from the f«n's motion 
every femi-axis is increafed (by prop. 60) by about one 
third of the diftance of the fun's .centre from the common; 
centre of gravity of the fun and planet (p. 185, 186.) And 
from the adlions of the exterior planets on the interior, 
the periodic limes of the interior are Ibmething protra6led, 
though. icarcely by any fenfible quantity; and their aphelions 
are transfered (by cor. 6 and 7> prop, 66) by very .flow mo- 
tions in confequentia. And on the like account the periodic 
times of all, efjpecially of the exterior planets, will be pro- 
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Icmged bj the adions of the ooiiiets» if any fueh there are, 
withoat the orb of Saturn, and the aphelions of all will ba 

thereby carried forwards in confequentia. But from the pro- 
grefs of the aphelions the regrefs of the nodes follows (by cor. 
11, 13, prop. 66), And if the plane of the ecliptic is quie- 
fcent, the regreis of the nodes (by cor, 16, prop. 66) will 
be to the progrefs of the aphelion in ev^ orbit as the re- 
grti's of the nodes of the moon's orbit to the piogi' l's of its 
apogeon nearly, that is^ as about 10 to21. But agronomi- 
cal obfervations feem to confirm a very flow progrefs of tlie 
aphelions, and a regrefs of the nodes in refpedl of the fixed 
ftars« And hence it is probable that there are comets in the 
regions beyond the planets, which, revolving in very eccentric 
orbs, quickly fly througli their perihelion parts, and by an ex- 
ceedingly flow motion in their aphelions fpend aliuoli their 
whole time in the r^ions beyond the planets; as we (hall 
afterwards explain more at large . 

The planets thus revolved about the fun (p. 197, 198, 199) 
may at the fame time carry others revolving about them- 
felves as fatelUtes or moons, as appears by prop. 66. But from 
the a^on of the fun our moon muil move with greater ve- 
locity, and, by a radius drawn to the earth, defcribe an. area 
greater for the time; it mnft have its orbit lefs carve, and 
therefore approach nearer to the earth in the fyzygies than 
in the quadratures, except in fo far as the motion of eccentri- 
city hinders tbofe eSeBss. For the eccentricity is greateft 
'when the moon^s apogeon is in the fyzygies, and ieaft when 
the fame' is in the quadratures; and hence it is that the 
perigeon moon is fwifter and nearer to us, but the apogeon 
moon flower and farther from us, in the fyzygies than in the 
quadratures. But farther ; the apogeon has a progreifive 
and the nodes a regrefiive motion, both unequable. For the 
apogeon is more fwiftly progrefiive in its fyzygies, more 
llowly regreflive in its quadratures, and by the exccfs of its 
progrefs above its regrefs is yearly transtercd in confequentia : 
but the nodes are quiefcent in their fyzygies, and moH fwift^ 
ly regreflive in their quadratures. But farther^ ilill, the great- 
e& latitude of the moon is greater it its quadratures than in 
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iU fyzjgies; and the mean motion iwifter io the aphelion of 
the earth than in its perihelion. More inequalities in the 
moon's motion have not hitherto heen taken notice of hy 

aftronomers: but ail thefe follow from our principles in cor. 
2, 3, 4, o, G, 7, 8, 9» 10, 11, 13, prop. 66, and are known 
really to exiii in tlie heavens. And this may be feen in that 
moft ingenious, an<l^ if 1 miiUke not of all^ the moft accurate/ 
hypotbeiis of Mr Horrax, which Mr. Fiamfted has fitted to 
the heavens ; but the aflronomical hypothefes are to be cor- 
rc(5lcd in the motion of the nodes ; lor the nodes admit the 
grcateil equation or profthaphserefis in their o<^tanLs, and 
this inequality is moft confpicnous when the moon is in the 
nodes, and therefore alfa in the o&ants; and hence it was 
that TychOy and others after htm, referred this inequality to 
the octants of the moon, and made it meuftrual ; hut the rea- 
fons by us adduced prove that it ought to be referred to the 
odants of the nodes, and to be made annual. 

Beiide thofe inequalities taken notice of by aitrpnomers 
(p. 198, 235 to 237), there are yet fome others, by which 
the moon's motions are lb difturbcd, that hitherto by 
no law could they be reduced to any certain regulation. For 
the velocities or horary motions of the apogee and nodes of 
the n|oon> and their equations, as well .as the difference be- 
twixt the greateft eccentricity in the iyzygies and the leaA 
in the quadratures, and that inequality which we call the va- 
riation, in the progrefs of the year are augmented and dimi- 
]iiihed.(by cor. i4, prop. 66) in the triplicate ratio of the fun's 
apparent diameter. B^fide that» the variation is mutable 
nearly in the duplicate ratio of the time between the quadra« 
tures (by cor. 1 and 2, lem. 10, and cor. iG, prop. 66); and 
all thofe inequalities are fomething greater in that part of the 
orbit which refpeds the fun than in the oppoiite part, but 
by a difference that is fcarcely or not at all perceptible. 

By a computation (p. 209), which for brevity's fake 
I do not defcribe, I alfo find that the area which the moon 
by a radius drawn to the earth defcribes in the feveral equal 
moments of time is nearly as the fum of the number 237to, 
and verfed ilae of the double diiUnce of the u^pon firom the 
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neoraft ^admtiiie io a drde whole radk» » umHj ; and there* 

fore that the fquare of the moon's diftance from the earth is 
as that film divided by the horary motion of the moon. 
Thus it is when the variation in the oiSUnts is in its mean 
qnaotity ; but if the variation is greater or lefs^ that verfed 
fine maft be augmented or dimioifiied in the fame ratio. 
Let aih-onomers try bow exadly the diftances tho« fimnd 
will agree with the moon's apparent diameters. 

. From the motions of our moon we may derive the motions 
of the moons or fatellites of Jupiter and Saturn (p. \gg) ; for 
, the mean motion of the nodes of the ootmoft fatellite of 
Jupiter is to the mean motion of the nodes of our moon in a 
proportion compounded of the duplicate proportion of the 
periodic time of the earth about the fun to the periodic time 
of Jupiter about the fun^ and the limple proportion of the pe^ 
riodic time of the fatdlite about Jupiter to the periodic time 
of our moon about the earth (by cor. 16, prop. 6(3) : and there* 
fore thofe nodes, in the ipace of a hundred years, are car- 
ried 8*^ 24' backwards, or in anteccndcntia. The mean mo- 
tions of the nodes of the inner fatellites are to the (mean) mo» 
tion of (the nodes oO the outmoil as their periodic times to 
the periodic time of this^ by the fame corollary, and are 
thence given. And' the motion of the apfis of every fatellite 
in conj't quentia is to the motion of its nodes in antecedentia, as 
the motion of the apogee of our moon to the motion of its 
nodes (by the hme corollary), and is thence given. The 
greateft eqoationft of the nodes and line of the ap&s of each 
falelUte are to the greateft equations of th^ nodes and the line 
of the apfes of the moon refpedtively as the motion of the 
nodes and line of the apfes of the fatellites in the time 
of one revolution of the firft equations to the motion 
of the nodes and apcgeon of the moon in the time of 
one revolution of ^e left equations. The variation of a 
fatellite feen from Jupiter is to the variation of our moon in the 
fame proportion as the whole motions of their nodes refpec- 
tively, during the times in which the fatellite and our moon 
(after parting ftom) are revolved (again) to the fun, by the 
ferae <M>rolIary ; and therefore in the outmoft fatelHte the 
variation does not exceed d" A>i'". from the fmall quantity 
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of thgfe inequalities^ and the (lownefsof the motions^ it ha^ 
pens that the motions of the fatelfites are found to he fo re- 
guIaTj that the more modern aftronomers either deny all .juo* 
lion to the nodes^ or afRrin them to be veiy ilowly re- 

greffivc. 

(P. 186). While the planets are thus revolved in orbits 
about remote centres, in the mean time thej make their fe- 
deral rotations about their proper axeb $ the fun in 26 days ; 
Jupiter in Q*. 5& ; Mars in e4|-*'. ; Venus in 23**. ; and that 

in planes ^lot much inclined to the plane of the echptic, and 
according to the order of the figns^ as aUronomers determine 
from the fpots or maculse that by turns prefent themfelves 
io our fight in their bodies; and there is a like revolution of . 
our earth performed in 24*^. ; and thofe motions are neither ac- 
celerated nor iL'Uiidtd by the at^tions of the centripetal forces, 
as appears by cor. 22, prop. 66 : and therefore of ail others 
they are the nioft equable and ino& iit for the menfuration of 
time ; but thofe revolutions are to be reckoned equable not 
from their return to the fun, but to fome fixed itar : for at 
the pofition of the planets to the fun is unequably varied, the 
revolutions of Lhoie planets from fun to fun are rendered un- 
equable. 

in like manner is the moon revolved about its axis by a> 
motion mofi; equable in refye&, of tbfe fixed fi;ar8^ viz. in 27'» 
7^. 4S', that is, in the fpace of a fidereal month ; fo that this 

diurnal motion is equal to the mean motion of the moon in its 
orbit : upon which account^ the fame face of the moon al- 
ways refpeds the centre about which this mean motion is per- 
formed, that is> the exterior focus of the moon's orbit nearly ; 
'and hence arifes a deflexion of the moon's face from the 
earth, fometimes towards the eafl, and other times towards 
the weft, according to the pofition of the focus which it re- 
fpedls ; and this deflexion is equal to the equation of .the 
moon's orbit, or to the difference betwixt its mean and true 
motions ; and this is the moon's Hbration in longitude : but it 
is Hkcwil'c afFe6led with a libration in latitude arifingfrom the 
inclination of the moon's axis to the plane of the orbit in 
•which .the moon- is revolved, about the earth ; for that axis r^ 
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tains the fame pofikion to the fixed ftars nearly^ and heooe - 
the poles prefent them lei ves to our view by turns, as we may 
underiland from the example of the motion of the earth, 
lihoie fidksy by leafon of ^ iaclimitian of its axis to the 
pkitie of the ccliptie^ «re by turn iSLniniiuiled by the fan* 
To delermiBe exaaiy the pofition of the moon's axisto Ike* 
fixed ftars, and the variation of this pofitioo^ is a problem wor- 
thy of an a&ronomer. 

By reafon of the diamal refoliiltons of the planets, the mat- 
tor which tbey contaui endeavoon to lecede from tbe axia of . 
this motion ; and hence the fluid parts riling higher towards 
the equator than about the poles (p. 187)> would lay the folid 
parts about the equator under water, if thofe parts did not 
liie alfo(p. 187^ 19 192) : upon which acconnt the piaaets 
are finaethiiig thicker about the ecpiator tban about the 
poles; and their eqnino^al pomls (p. 197) tbenee become 
regreffive ; and their axes, by a motion of nutation, twice in 
every revolution, librate towards tiieir ecliptics, and twice re- 
turn again to their former inclination, as is explained in cor* 
18> prop. 66 ; and hence it is that Jupiter, vieuted through 
very long tdefcopes, does not itpp^ altogether round (p. 191), 
but having its diameter that lies parallel to the ecliptic fome- 
thing longer than.that which is drawn from north to fouth. 

And from the diurnal motion and Uie attradiions (p. 200, 
^04) of the fan and moon bar fea ought twice to rife and 
Iwice tofidleveiy day, as well lunaras&iar(byeor. 19, <20, 
prop. 66), and the greateft height of the #ater to happen be- 
fore the (ixth hour of either day and after the twelfth hour 
pceoeding. By the flowneis of the diurnal motion the flood 
is retra^led to the twelfth hour; and by the force of the mo- 
tion of redpFbcalion it is protruded and deferred till a time 
Marerto ibe fixth hour. But till that time is more certainly 
determine by the pbsenomena, choofing the middle between 
tl;^i]|fe extremes, why may we not conjedlure the greateft 
height of the water to happen at the third hour^ for thus the 
wat6r will rife all that time in which the force of the lumi* 
naries to raife it is greater, and wiU fell all that time in which 
their lorce is Id'i \ viz. from the to the thiid liour wh«a 
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thtit ibr«e is greater^ ud'fmttbe 'ilufd.'loilie nmA mhemU* 

is lefs. The hours 1 reckon from the appulfe of each Jumi- 
nary to the meridian of the place, as well under as above the 
hoiiaoD ; and by- ibe hours of ibe lunar day Luoderfland tbe 
Iweiity-fourth ptfftt of that tune' wlNdi.tlief moon ifpeodft U«i 
abont again by its apparenrl .^mraal aiolibh ta( 
the meridian of the place which it left the day before; • 'i 

But the two motions which the two himintiries raife wiU not 
appear di&inguiihed, but willioake a certain mixed motion. la 
tibe coDjuo^ioD or oppofitioii of the liiminarias tbek forocs wiSf 
be coDjoined, and bring on tbe greateft flood and ebb. In Ibe 
quadiratures the fun will raife the waters which the moon depref- 
feth , and deprefs tbe waters which the moon rail'eth ; and from 
tlie diiference of their forces the imalleil of all tides will follow. 
And beoanfe (aa experience telk ns) the force of the moon 
is.greater.UianiUiat.ofithe ^an, the greateft height of the 
water will happen about the third Hniar hoar. Oat of tbe 
fyzygies and quadratures the greateft tide which by the fingle 
force of the moon ought to fall out at the third lunar hour, 
and by this £ngle foro^ of the fun at the thiid £iAai hoor^ by 
the oomponnded iototBl^of'-huA mnft faU oat in an inteiw 
mediate time thai approaobes neai«r to the ihifd bonr of die 
moon than to that of the fun ; and, therefore, while the moon 
is palling from the fyzygies to the quadratures, during 
which time lbs rthiid hour of the fun precedes the third of 
the mooniy ttbe gienleft tide will precede the Mtd Innar boor, 
and diat by the greateft mtenral a little after die o^nts of 
the moon; and by like intervals the greateft tide will follow 
the third lunar hour, while the moon is pafiing from the qua* 
dratures to the fyzygies. 

Batiheefie^of the knunariet depend npon their diftaneet 
from the earth; for when they are lefs diftant their efiMi 
are greater, and when more diftant their effeds are lefs, and 
that in the triplicate proportion of their apparent diameters. 
Therefore it is that the fun in the winter time, being thea 
in its perigee^ has a giieaCer eSSeSt, *and liiakea the tides in 4cm 
fyzygies fimieliitng greater, tfnd thofo in the qnadratarea 
loBiething kik, CiUm^ ^anOusj than in the fummer kaiQa , 
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^nd every month the moon, while in the perigee> raifetk 
|;realer tides than at the ^ifUdce of 15 days before or after^ 
when It 'is in ils'apoge^. WbcfDoe It comes to pafs thai tm 
higheft tides'do not fonow one tbe'olher in tWo Immedialdj 
fucceeding fyzygies. 

The e£fedt of either lumihary doth likewife depend upon its 
declination or dlitanc6 from the^ equator; for if the luminary 
Wli8 placed it tlie' pole^* it' v^nld conftantij attra^ all thf 
parts of ilhe' wat^rs^ 'vlthoat any tntenfion or i^miffion of its 
a6iion, and could caufe no reciprocation of motion ; and, 
therefore, as the luminaries decline from the equator to- 
wards either pole, they will by degrees lofe their force, and 
M thi^ account will excite leflet Udes in the folftitial thaa 
in th^ ^aino6Hal fyzygies. But in the folilitial qnadratniet 
they will raifc greater tides than in the quadratures about the 
equinoxes; becaufe the effedl of the moon, then fituated iii 
tbe equator, moft exceeds the effedl of the fun ,* therefore the 
great^ tides fall: oat in thofe fyzygies^ and the leaft in tfaofli 
quadratnies^ which Happen about the time of both equinoxes) 
and the greateft tide in the fyzygies is always fucceeded by 
the leaft tide in the quadratures, as we find by ex'j)ericnce. But 
becaufe the fun is i^fs diftant from the earth in winter than 
in fummeo it cornea V} pais that the greateft and leaft tides 
mtm fire^tiently appear^ lfefbi^*d)an aflter-lbe vernal equinox^ 
and more frequently aftet than before 1^ autumnal. 




iJji/' eiK«lq^<te** ♦fic "^Ijr^tti ' v.* . 
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Moreover, the effe6b of the luminaries depend upon the 
latitudes of places. Let ApEP reprefent the earth oa 
all fides covered with deep waters; C its centre ; p, its 
pqles; AE the eqoator; F any pluee witboot the equator; 
Ff the parallel of the plaoe^ Dd die correfpoodeDt pa* 
rallel on the other fide of the equator; L the place 
which the moon pofleifed three hours before; H the 
place of the earth dire^y under it; h the oppofite place; 

the places at 90 degrees diftance; CH, Ch, the (peateft 
befghto of the fea from, the centre of the earth ; and CK, 
Ck, the leail heights : and if with the axes Hh^ Kk^ an ellip- 
fis isdefcribed, and by the revolution of that ellipiis about its 
longer axis Hh a fpheroid HPKhpk is formed, this fphe- 
toid will nearly reprefent the %me of the fea; and CF, Cf, 
CD, Cd, will reprefent the fea in the places F, f, D, d. Bat 
farther ; if in the faid revdntion of the ellfpfis any point N 
defcribes the circle NM, cutting the parallels Ff, Dd, in any 
places Rj and the equator A£ in S, CN will reprefent the 
height of the fea in all thofe places S, fituated in this 
cfecle. Wheieififie in the dintnal revcktioB of any place F 
tbe greateft flood wilt be in F, attfie thM hour after the 
Itppulfe of the moon tu the meridian above the horizon; and 
afterwards the greatefl ebb in at the third hour after the 
fetUngof themoon; and then the greateft flood in f, at the 
third honr afker die qppdfe of the Bioon to the meridian nnd^ 
thehorison; and, laftly, the gfealeftcM> in aft the third howr 
after the rifing of the moon ; and the latter flood in f will be 
lefs than the preceding flood in F. For the whole fea is 
divided into two huge and hemifpherical floods, one in tlie 
hemiiphere K U kC on the north fide, the other in the oppofite 
hemifphere KHkC». whidi we majtherefiwe call the northmi 
and the fonthem floods: thefe floods, being always oppofite 
the one to the other, come by turns to the meridians of all 
places after the interval of twelve lunar hours; and, feeing 
the northern coontries partake more of the northern floods 
and the fonthem countries move of the fontheni flood, theaoe 
arife tides alternately greater and lefs in all pteees vrith* 
out the equator in which the lumi»aries rife and fet. But the 
greater tide wiU happen whca the moon declines towards thm 
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mta of Ibe plaoe^ abovl lluid hm 

die moM to Ike neridiatt above the horiioii ; aad when the 

moon changes its declination^ that which was the greater tide 
will be changed into a lefler; and the greatefl difference of the 
floods will fall oat about the tUiies of the folfbices, efpecially 
if theaibeodo^ptedeof tbeinooii isaboiittbe fihl of Aries* 
80 the amning tides la wialer exceed thfuk of tba 
eveDing, and the evening tides exceed tbofe of the morn- 
ing in fummer; at Plymouth by the height of one foot, 
but at Brytol by the height of 16 iocbes, according lo the 
ob ftt f aliuiis of Csilyr^ and 

Bat the motioos which we have been defcribii^ fafler Ibae 
alteration from that force of reciprocation which the waters 
f haying once received] retain a little while by their vi$ infita ; 
irbence it comes to pais that the tides may continue for lomo 
innej thoagfa the a&iona ci the lamuiarias (honU oea& 
This power of velaimng the ini|MeffiMl motiiMi leQens tba 
difleienee of the alternate tides, and makes ihofe tides which 
. immediately fucceed after the fyzygiea greater^ and thofe 
which follow next after the quadratures lefs. And hence it 
fe that tba alternate tides at Flymimtk and Briftol do not 
4Uki nndi oMie one firom the other than by the height of 
nfboly orof 15 Inehes; and that the graaleft tides of all at 
thofe ports are not the firil but the third afler the lyzygies. 

And^ befides, all the motions are retarded in their paiTage 
through (hallow channels^ that the gieateft tides of allj 
in fimoe ftratis and montha of mm, are the fonrth^ or even 
the fifths after the fyzygiei. 

It may alfo happen that the greateft tide may be the 
fourth or fifth after the fyzygies, or fall out yet later, becaufe 
the motions of the fea are retarded in paihng through IbaU 
low places towards the fliores ; for fo the tide arrives at the 
weAem cbaft of Irekmd at the Ihtfd tanar bowr, and an hour 
ortwoafter at the ports in thefiNrthetn ooaftof the iame 
ifland ; as aifo at the iilands Cajfiterida, commonly Soriings ; 
then fucceffively at Falmouth, Plymouth, Portland, the ide 
of Wight, Winchefier, Da9$r, the mouth of the Tkamci, and 
iMdm jSfM^fe, iimdii^ Bnl 

03 
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feitber; the propagaim bf llbe»(id^inay be iobAMM ^Ml 

by- the charifids' of ithie ocean itielf, when they are not of 
depth enough ; for the flood happens at the Uiird lunar hour 
in the Candr^ iilands and ^ all thofe weilern coails that lie 
tiwanH'tbe iltkotio dcera^ tM^^hJhekmdt^JS^rmmt^ SimW^muk 
dl Africa, to Cape of. QttodiHope, except inifbmdiflidUoIr 
places, wlicre it is impeded^ and falls out later ; • and* rin tlrt 
ftraits of GibrnHar, where, by realbn of a motion piopagated 
irom the n^editentanean fc a, it flows fooner. iiiBui^ pafling 
km' ihofe «oaitt owt the W«addt^« the oceiid jooaftft 
of Anuficay the flood arnywMl^attbe m6ft eitflara lhaaes tf 
Brafii, about the 'fourth or fifth lunar hour; tJien at the 
mouth of the river of the ,4 ma zons at the fixth hour, but at 
the neighbouring' iflands at the ibuvth hoiti)i afterwards at 
tly6 klaiids- 6f Bmimdas the feindn^ hotif»*aiulai port'St* 
j!A/g2//AiF4fl<^YiMi|faAy4it'f^veiifahd a.lialf. tAadiUnrdbmih* 
Ikte pirtrpJpi^» through the dcean with a»<ilo««tp motion 
ttian it fliould be accord ni*:!: to the couiie of the moon ; and 
this retardation is \-ery neceflary, that the iea at the fame 
time may fail between BrafUaud New Froncey avdTife at tbe. 
Cdnaty iflands^ iaiMi on tlie cftalh of JGvfops wnd^Affieu, wad 
iMc« verfa : for iht l^a 'cannot rife' itt one plMe Irat'bjfall* 
ing in anotlicr. And it is probable that the Pacific fea is 
agitated by the fame laws; for in the coafts of Ckiii and 
Pem th^ higbefl; flood is faid to happen at the third . iiioar 
hdiir.' 'But with wbat f^elocitydl ii«thende pvopagated to the 
efyfterh' coafts of Japany the -PkUipfiim Kad other iflands ad<^ 
jacent to China, 1 have not^et learned. 
' Farther; it may happen (p. 204) that the tide may be 
propagated from the ocean through diflferent channely 
towards the fame port, and may paft quicker through fame 
bhannekthan through others, in which cafe the ^fiun)e*tide^ 
divided into two or morefuccccding one another,- may com^ 
, pound new motibnis of different kinds. Let us fuppofe one 
tide to be divided into two equal tides, the former whereof 
piecedes'tfae btbeAr hfth^ (pace of frit hohtSj.«Rid*happen8irt 
the third'or twentyi-ftfventh hour fW>m' the appulfe of the moo* 
to the meridian of the port. If the moon at the time of this 
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appttlfe to the UMridiaa wi(s io Ihe equator^ every fiuLhoniB al-* 
temateljr there would ariie leqaal floodi^ wliidk^ «lcMiig witb 
M mmjr eqiiifl'^tlMj HWtldtfo bakniBe due theolber^ -that^ for 

that day, the water woald ftagnate, and remain quiet. If the 
moon then declined from the equator, the tides in the ocean 
woold be alteruatel J greater and lefs, as was laid ; aad tram 
lii<tfd&'*Mro gmaierand two lefier tides wonldibe aiterpatdy 
{>rbpagated to^ti^ tluU; port. • Bqt the two greoMr floods 
would make the grealeft height oif'the water»t6 'fall out in the 
middle time betwixt both, and the greater and lefler floods 
would make the waters to hie to a mean height in the aiid^* 
die 'tittle beitreen tbefti ; aad* imthe a^iiddle tun^betweeaths 
fw^^lefler floods th^'vMers^ would rife Mo thdir Ifaft height* 
TUdff hi theffnao^ o9 twtefnty hours* the-waten wrndd come, 
not twice, but once only to their greatelt, and once only to 
their Icsifl height; and their greateii heigh t, if the moon det 
dbed towards the elevated pole, would happen afctbe6xtb 
o^'thirtteth hour After the appnlfe of thie* moon.lo the rasA 
ikoEl X and when the moon chailged its deolinatioii, thift* flood 
WOnld be changed into an ebb. 

Of all which we have an example in the port of Batjhamf 
in the kingdom of Tunquin, in the latitude of 20° north. 
In that port, on the day whioh follows after the paflage of the 
moon over the equator, the waters ftagnate ; wlien the Aioon 
declines to tlie north, they begin to rfow and ebb, not twice, 
as in other ports, but once only every day; and the flood 
happens at the letting, and the greateii ebb at tiie riiing of 
the dioon. This tide inoreafeth with the de<ili|iation of the 
moon till the feventh or eighth day ; then for thelSmntli or 
eighth day following it decreafethul the fame rate as it had in- 
creafed before, and »ceafeth when the moon changeth its de- 
elination. After which the flood is immediately changed 
fatito an ebb ; and tfaencefor tj Mtbe ebh*happens at the fetting 
and the flood attheriflng oMhe noon,- till the moon again 
changes its declination. Theie are two inlets frbni the ocean 
to this port; one more dire6i and (hort between the illand 
Hainan and the coaft of Qucintuj^, a province of China ; the 

Other nmnd'aboiit between the.fiiiii9iflAod andtbs ooaftof 
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CocUrn; and throu^ ths ihortcff fwflise. tb^. tide ii fiioiMr 
piopagirtid l0.J9«t/SkMi» 
In the ofatnnell of . fivers the inflnx and leflov depends 

upon the current of the rivers, which obftruds the ingrefs of 
the waters from the fea, and promotes their egrefs to the fes, 
Malcing the ingrefs later and flower^ and the egrefs foooer ' 
and fafler { and hence it is that the reflux b of longer da- ! 
ration than the inflnx, efpectaUy fiur up the riraif where die i 
force of the fca is lefs. So Sttirmy tells us^ th at i|i the river Awn^ 
three miles below Brijtol, the water liows only five hours, hot 
^ibs feven; and without doubt the cliiTerence is yetgieetor 

above Bryiol, asatCaf^/ftam or the AuA* Thisdifierencedoes | 
UKwife depend npon the qnantity of - the flux and reflaxi i 

for the more yehement motion of the fea near the fyzygies 
of the luminaries more eafily overcoming the reiiilance of the 
riveiS:, will make the iogreis of the water to happen fooner and \ 
to oontinne longer^ and will thereibieduiMiitlh this difleienos. 
Bnt while the moon is approaching to the fy^ygies, the riven 
will be more plentifully filled, their cunents being obfirudet 
by the greatnefs of the tides, and therefore will fomelbing 
more retard the reflux of the fefk ^ little after than a little be- 
fore the fyzygjet. Upon which account the floweft tides of all 
vrill not happen in the fyapfgies, but prevent them a litde; 
•nd f ohferved above that the tides before the fyzygies wete , 
alio retarded by the force of the fun ; and from both caufea I 
conjoined the retardation of the tides will be both greater and j 
iboner before the fyzygies. All which 1 find to be fo, by the | 

tkide-tahlea wMA JPAia;^ has ompoifid ftm a 
ebfcrvalione. 

By the laws we have been d^fcribing, the times of the 
tides are governed ; but the greatnefs of the tides dependg ' 
upon the greatnefs of the feas. liet C reprefent the centre 
of tho earth, EADB the oviOAgwof the ieas» CA the kMi* 
ger ieni^axie of this ovaL Cimie fliortev inflfting at right 
•nglee upon the fbrmerj D the middle point between A and 
B, and ECF or eCf the jingle at the centre of the earth, fub» 
tended by the breadth of the fea that terminates in the (bores 

B>,¥,Qt%f, Now» iuppofijig tbi^ tbe point A it in thie i^iAi^ 
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die beiween the pointa F, and the point D in the middle 
between the points e, f, if the difference of the heights CA, 
CB, reprefent the quantity of the tide in a very deep fea fur- 
rounding the whole earth, the exoeik of the height CA above 
the he^t C£ or CF will lepidbillfae qouitity of the tide 
in the middk of die lea'EF, teminated by the Ihorat B, F; 
and the excefs of the height Ce above the height Cf will 
nearly reprefent the quantity of the tide on the (bores f of the 
fame fea. Whence it appean that the tides are far lefs in 
the middle of the fta then at the flioies; and that the 
tides at the 0iom M nearly aa EF (p. M, e44)> the 
bieadUi of the ' iba not exceeding a quadrantal arc. And 
hence it is that near the equator, where the fea between 
Africa and America is narrow^ the tides are far lefs than to- 
wards either fide in the temperate sones/where the feas are 
extended wider; or on afanoli all the flioies of thePo^c iea, 
as wdl towards America as towards China, and within as well 
as without the tropics ; and that in iilands in the middle 
of the fea they fcarcely rife higher than two or three feet, 
bat on the (bores of great continenis are three or four times 
giealer, and above^ efpecialiy if the motions propagated from 
the ocean are by degi^ contracted into a narrow fpace, and 
the water, to fill and empty the bays alternately, is forced to 
flow and ebb with great violence through ihallow places ; as 
Plymouth and Chepftow Bridge in England, at the mount of 
Muhael and town of Atffuncha in Normandy, and at 
CmMa9BAP€gi$iQtl;i»Eq/l Miis. In which places the 
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fca, hurried in and out with great violence, Ibmetimes lays the 
Ihores under water, fomctiraes leaves tbem dry, for many 
miles. Nor is t^e force of the influx and ^ux to be broke 
till it has raifedor deprefTed the wftter-tb fortyor fifty feet and 
. more. Thus ' alfo long and (halk^w ilraits that open to the 
fea with mouths wider and deeper than the reft of their chan- 
nel (fuch as tliol'e about Britain, and the Magellanic Straiti 
at the eaftern entry) will have a greater flood and ebb;, or 
will more intend and remit their courfe, and therefore wiU 
rife higher and be^daprefled lower. On tlie coaft of South 
America it is laid that the Pacific lea in its reflux fometimes 
retreats two miles, and gels out ol fight of thofe that ftand on 
fliore. Whence in. thef<^ {)! aces the flooda will be alfu higher ; 
baft in deeper waAar9> thi& .talocity of inliax Aod^ujc it alwayar 
lefty and Iherefose .the aibent and.defiientja fa tob. j Nor in 
fuch places is the ocean known to afcend;to miore than fix, 
eiglu, or ten feet. The quantity .of the afcent I compute in 
tiie following maaner. * - 

Lets leprefent ibe fuDy T the earth (p. fi06), Pithe 
moon^ BAGB the moon's orbit. In SP take SK equal to ST 




Rod SL to SK \n the duplicate ratio of %K 'u> SP. I?aralle1 

to FT draw LM ; and, fuppofing the mean quantity ot the 
circum-folar force direded towards the eaifth to be reprefent- 
, InI by the diftance ST or SK, SL will reprefent the quantity 
hereof diredled towards the moon. But that force isG0iii<^ 
pounded of the parts SM, LM ; of which the force LM» and 
that part of SM which is reprefented by TM, do difturb the 
motion of the moou (as appears from prop. and its corol- 
laries). In fo f iftr aa the «aith and mogia ace lerolved about 
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iheir oommon centre of gravity, the earth will be liable to the , 
adion of the like forces. Bnt we may refer the fums as well 

of the forces as of the motions to the moon, and reprefent the 
fuiQs of the forces by the lines TM and ML, which are pro-t 
portional to Iheid. The force IM, in its mean quantity^ it 
to the force by which the moon may be revolved in an orbit, 
about the earth qaiefoent, at the diflance PT in the duplicate 
ratio of the moon's periodic time about the earth to the earth's 
periodic time about the fun (by cor. 17, prop. 66) j that is, 
in the duplicate ratio of 27''. 7^ 43' to 305^, 6^. g', or as 1000 
to 178785, <Hr I to I78H* The force by which the moon 
may be revolved in its orb aboot the earth in reil, at the dilL 
tance PT of 60| feini-diameters of the earth, is to the force 
by which it may revolve in the fame time at the diftance of 
60 femi-diametefs as 60| to 60 ; and this force is to the force 
of gravity with us as I to 60 x 60 nearly; and therefore the 
inea'n forde lilL is to the fbrce of gravity at the furfaoe of the 
earth as I x Gok to Go x 60 X 178U, or 1 to 638092,6, 
Whence the force TM will be alfo given trom the propor- 
tion of the lines TM^ ML, And thefe are the forces of the 
Ibn^.by which the moon's motions are didurbed. 
' ■ If frdm the iniobn's orbit (p. £40) we defcend to the earthlb 
furface^ thofe forces will be diminifhed in the ratio of the dif- 
lances 604 and 1 ; and thcrefoie the force LM will then be- 
come 38604600 times lefs than the force of gravity. But 
this force a^ing equally eveiy where upon the earthy will 
Icarcely effe€L any change on the motion of the iea^ and 
therefoire may be'negle6led in the explication of that motion. 
The other force TM, in places where the fun is vertical, or in 
their nadir, is triple the quantity of the force ML, and theie-^ 
fore but 12868200 times lefs than the force of gravity. 
' Suppofe now ADBE to reprefent the fpherical furface of 
the earth, aDbB the furface of the water overfpreading it, 
C the centre of both, A the place to which the fun is vertical, 
B the place oppofite ; D, £, places at 90 degrees diftance . 
from the former; ACEmlk aright angled cylindric canal pall- 
ing through the earth's centie. The force TM in any place 
13 98 the diftance of the place from the plane Pfi, on which 
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A line from A to C infifts at right ^gles, and therefore in the 
part of the canal which is reprefented by £Clin is of no quaa- 
tity^ bat io the other part AClk is as the gravity at the feverai 
heights; for in defcendiDg towards the centre of the earth# 
gravity is (by prop. 73) every where as the height; and there- 
fore the force TM drawing the water upwards will diminiih 
its gravity in the leg ACik of the canal in a given ratio : up« 
OD which acooQnt the water will afoend in this kg» tiU its 
defeA of gravity is fupplied by its greater height ; qoi will 
it reft, in an equilibrium till its total gravity becomes 
^ equal to the total gravity in £Clm, the other leg of the 
canal. Becaufe the gravity of every particle is as its 
diftance from the earth's centre^ the weight of the whole 
water in either 1^ will increafe in the dnplicaie ratio of the 
height ; and thmfore the height of the water in the leg 
AClk will be to the height tliereof in the leg ClmE iu the 
fubduplicate ratio of the number 12868201 to 12868200, or 
in the ratio of the number 25623053 to the number 25623052^ 
and the height of the water in the kg EClm to the difference 
of the heigh ts, as 25623052 to 1. But the height In the leg 
EClm is of 196 I08OO Paris feet, as has been lately found by 
the menfuration of the French ; and, therefore, by the preced- 
ing analogy, the di0erence of the heights comes out 9j inches 
of the Parit foot; and the fan's force will mal^ the tieight 
of the fea at A to exceed the height of tlwliime et Bhy 9 
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iaches. And thoogh the water of the canal ACEmlk he lap- 
poled to he Ihwen into a hard and Iblid coofifienoe^ yet the 
heighu thcMof at A and and aU other Intennediati^ 

places^ would flill remain the fame. 

Let Aa (in the following figure) reprefent that excefs of 
height of 9 inches at A, and hf the excefs of - height at anj 
other place h ; and npon DC kt fall the perpendicolar tG, 
meeting the gkibe of the earth in F; and becaofe the diilanoe 
of the fun is fo great that all the right lines drawn thereto 
may he conlidered as parallel^ the force TM in any place f 
will be to the fame force in the place A as the fine FG to 
the radm AC* And^ therefore, fince thofe forces tend to the 
fun in the diredtion of parallel lines, they will generate the 




parallel he^ts Ff, Aa, in the fame ratio; and therafim the 
figure of the water 1>fii«b will he a fpheroid made by the re- 
volution of an eliipiis about its longer axis ab. And the per- 
pendicular height fh will be to the oblique height Fr as fG to 
fC« or as FG to AC : and therefore the height fh is to the 
hdght Aa in the doplicale ratio of FG to AC, that is, in the 
ntao^ci the ^rerfed fine of doohle the angle DCf to douUe' 
the radiusy and IS thence given. And hence to the feveral 
moments of the apparent revolution of the fun about the 
earth we may infer the proportion of th^ aicent aud descent 
of the wateis at aaygiTen' place under the equator, as wAaa 
of the diflsinntbn of that afcent and defcent, whether arifing 



from the latUnSe of places or from the farfii ' decimation } 
viz. that on aofount of the latitiide of })laces, the afcent 
anddefcent of the Tea is in all places diminiflied in the dupli- 
cate ratio of the confines of latitude ; and on ace^tint of the fun'4 
declination, the 'afcent and d^fceot tinder the^^qnatdi'is diini* 
onihed in the duplicate ratio of the cd^ne<of^dtnation« 
And in places uiLliout the equator the half fum of the morn- 
ing auti evening af cents ^thatis, the mean afcent) is dimiiiiflied 
Marly io the fame ratio. 

1 Lrt-S and L refpe^fely reprefimtthe forces of tbe £an and 
aMH>n placed in the ^nator, and at their mean dlftafnices from 

the earth ; R the radius ; T and V the verfed fines of double 

the complements of the fun and moon's declinations to any 

given time ; D and £ the mean apparent diameters of the 

fnn and moon t and> fuppofing F and G to be their apparent 

diameters to that given time, their forces to raife the tides nn* 

VG' TP 
der the equator will be, in the fyzygies, L + gjQjJ Si 

VG« TP 
in the quadratures, ^ — ^^q^, S. And if &e fame 

ratio is likewife obferved nnder the parallels, from obferva* 

tions accurately made in our northern climates we may de- 
termine the proportion of the forces L and S ; and then by 
means of this rule prediiS^ the quantities of the tides to everjr 
fyzjgy and quadrature* 

At the mouth of the river Jfvon, three miles below Brifiot 
(p. 24 1,242,243/244), in fpring and autumn, the whole afcent 
of the water in the conjundlion or oppofition of the lumina- 
ries (by the obfervation of Sturmj/) is about 45 feet, but in 
the quadratures only ^5. Becauf^ the apparent diimketen of 
Uie luminaries are not here determined, let m affinne'lfaem in 
their mean quantities, as well as the moon's dcclinati'btt in 
the equinodlial quadratures in its mean quantity, that is, 
2Si°; and the verfed line of double its complement will ht 
•1682, fuppofing the radius to b6 1000: But the'detslinaftiottk 
•f <the fun in the equinoxes and of the moori in itUe' fyi^jgvck 
toe of no quantity, and the verfed fines of double the comple- 
ments are each 2000. Whence thofe forces become L -i- S 
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the iyzygiesj, and ^gg^ ^ § th^^^Quadratures, refpec- 

tlv^y pi'oporttona(t(Vtltie» Uerighcg oi^thtt'lldei.ef 45 and fid-feel, 

oi ox 9 and 5 paces. And, therefore, multiplying the extremes 

and. the means, we WkfiL 5= T <>5j 

_ 28000 _ . s g "^V: • • i'' . .1 / • . . ' .» . 

But farther ; I remember to Iiave been told, that in fum- 
mer the afcent of the fea in the fyzygies is to the afcent there- 
of in the quadratures as about 6 'to 4. • la^tdae foidices them^ 
{k^es h^*fir0bMe tbnt^^filie' pr«i|>(»rUoii may be fonwtliiiig 
Ms, la 'iibdat'Cr l^'5$''^blttiee it would folkyw ibab L is 



5JS [far:tlw» tlv5.prQpQrtlon is ^L. a- — S : L ^ ~ 

S : : 6 : 5]|. Till we can more cel'taaitniy determiiie the pn>» 
]^t^'koiti/MM$iJdaa, ht us aflume L = 5|S; snd ftode* 
the hd^ts of the tides ^ «s tfaieferoes whfeh excite ihem, 

and the force of the fun is able to raife the tides to the height 
of nine inches, the moon's force will be fufficient to raife the 
fame to the height of four feet. And if we allow that thia 
height may be doubled, or perhaps tripled, fay thai foree of 
leciprocalSoB wbitfh ^we oU^e m the ^otiomp ei the #ailtrs» 
and by Which thdr'tntotilni 'oiioe be^un n kept up'fbr fome 
time, there will be force enough to generate ail that quantity 
of tides which we really find in the O^an. ' * 

Thus we have feeti that lliefe forces* are fufficient to monA 
llie fea. 'Bnt/fd faraa^I can 'obferte,'thej will «ot be abto 
to prodoee^iMy cftber f^Mt fisiiiible on' onreafA fbrfitict 
the weight of one grain in 4000 is not fcnfible in the niceft 
balance; and the fun's force to move the tides is I2868ii00 
lefs than the force of fpravity ; ' and the fum of the forces of 
hoth moon and fan, exceedhig the fun's force only in- the w 
iio of 6)- to I, k-ftill 903«89O times lefs than' the force of 
gravity; it is e\ndent tliat both forces together are 500 times 
lefs than what k required fenfibly to increafe or diminilh the 
weight of any boc^Iin'a balance. And, therefore, they will 
M fenfibly nioH unf fu^ended body; nor will they pro* 
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dace any fenfible efleA oo pendttioms, iMirriineters, bodiet 
fwimmiog in ftagoiuift mier, or io the like ftatical experi^ 
mento. In the atmofphere, indeed, thej will excite fuch a 
flux and reflux as they do in the fea^ but with fo fmall a mo- 
tion that no fenfible wind will be thence produced. 

If the effieds of both moon and fan in railing the tidei 
(p. €45)i as well at their appaient diamelefi, were equal 
among themfelvety their abfolnte feroes would (by oor. \4, 
prop. 66) be as their magnitudes. But the efied of the moon 
ig to the efFe<5^ of the fun as about 5^ to 1 ; and the moon's 
diameter lels than the fun's in the ratio of dl| to 3^, or of 
45 to 46. Now the force of the moon is to be incmafed in ^ 
lihe ratio of the eftft diieaiyt and in the triplicate ratio 
of the diameter in^eriely. Whence the force of the 
moon compared with its magnitude will be to the force of 
the fun compared with its magnitude in the ratio compound* 
ed of 5^ to 1> and the triplicale of 45 to 46 inveriely, thai is» 
in the ratio of aboet 5^ to 1* And therefim the aiooo> in 
lefpeft of the magnitude of its body, has an abfblnle eentri* 
petal force greater than the fun in refpe^l of the magnitude 
of its body in the ratio of 5^ to 1, and is therefore more 
denfe in the fame ratio. 

In the time of 4Sf, in which the asoon makes ita 

levohtion about llie OMth, a planet may be iml?ed about 
the fun at the dliiance of 18^954 diameters of the fun from ' 
the fun's centre^ fuppofing the mean apparent diameter of the 
fun to be 3d|>'; and in the fame time the inooiimay beievohr- 
^ about the earth al id^ at the diftuwe of 9b ef the earth'b 
diameten. If in both caAs the number of diamelefa was the 
iame^ the abfolute circum-terreftrial force would (by cor, 2, 
prop. 72) be to the abfolute circum-folar force as the magni- 
tude oi' the earth to the magnitude of the fun. Becanfe the 
number of the earth's diameters is gieater in the ratio of 90 to 
18^, the body of the eerth wUl be leiSi in the triplicate of 
that ratio, that is, in the ratio of S^l to \, Wherefore the 
earth's force, for the magnitude of it^ body, is to the Tun'* 
force, for the niagnitude of its body, as 3|4 to 1 ; and confe*- 
^uendy the earth's denfity to the fun's will be in the iaine 



Digitized by Google 



THE SYSTEM OF THE WORLl>v 49 

mtkib SknoB, then, the moon's denfity is ko the (iin's denfity 
as to. I, the moon's denfity wUL be to the earth's denfity 
as 5^ to 3II-, or ts lt!3 to l6. Wherefore fince the moon's 

magnitude is to the earth's mai^nitude as about 1 to 41 1, the 
moon's abfolute centripetal force will be to the earth's abfoiute 
ceotripet^ force as about L to ^9, and the quantity of matter 
in the moon to the quantity of matter in the earth in the 
fame ratio. And hence the common centre of gravity of the 
earth and moon is more exa<5lly determined than hitherto has 
been done ; from the knowledge of which we may now infer 
the moon's diilance fiom the earth with greater accuracy. 
But I would rather wait till the proportion of the bodies of the 
moon and earth one to the other is more exadUy defined from 
the pbasnomena of the tides, hoping that in the mean time 
the circumference of the earth may be meafured from more 
diilant ftatioas than any body has yet employed lor this 
purpofe. 

Thus I have given an account of the fyfiem of the planets. 
As to the fixed fiarsj the fmallneis of their annual parallax 

proves them to be removed to immenfe diftances from the 
fyftem of the planets : that this parallax is lefs than one mi- 
nute is moft certain ; and from thence it follows that the diil- 
ance of the fixed fiars is above SQO times greater than the 
difianoe of Saturn from the fun. Such as reckon the earth 
one of the planets, and the fiin one of the fixed ftars, may 
remove the fixed ftai s to yet greater diftances by the following 
arguments ; from the annual motion of the earth there would 
happen an apparent tranfpofition of the fixed Rars, one ia 
t^pe^ of another^ almofl; equal to their double parallax ; but 
the greater an«l pearer fi:ars, in refpe^ of the more remote, 
which are only fcen by the telcfcope, have not hitherto been 
obferved to have the leaft motion. If we fliould fuppofe that 
motion to be but lefs than the diftance of the nearer 
fixed ftars would exofced the mean diibmce of Saturn by above 
fiOOO times. Ag/m i the di(k of Saturn, which is oidy 17" or 

18* in cKameter, receives but about ^ ^^i^^^^;; ^ fna'a 

aiooocKXXX) 

light; for fo much lefs is that dific. than the whole fpherkal 
Voi^ lU, E 
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forfacc of the orb of Saturn. Now if we fuppofe Saturn to 
refle^i about i of this hght, the whole light refleded from Kb 

iUumtDated hemifphere will be about JT^^^Jqooo^^ the whole 

light emitted from the fun's liemilphere; and, therefore, fi nee 
light is rarefied in the duplicate ritio of the diHauce from the 

luminous body, if the fun was lOOOOv/ tme» more diftant 

than Saturn, it would yet appear as lucid as Saturn now does 
without its ring, that is, foniething more lucid than a fixed 
flar of the firil magnitude. Let us, therefore, fuppofe. that 
the diftancefrom which the fun would (bine as a fixed ftar ex- 
ceeds that of Saturn by about 100,000 times, and its appa- 
rent diameter will be 7''. and its parallax arifing from the 
annual motion of the earth 13"": and fo great will be the 
diiiance, the apparent diameter, and the parallax of the fixed 
ftarsof the firil magnitude^ in bulk and light equal to our fun. 
Some may, perhaps, imagine that a great part of tbe light of 
the fixed liars is intercepted and loft in its paffage through fo 
vafl 1 paces, and upon thai account pretend to place the fixed 
liars at nearer diflances; but at this rate the remoter ftars 
could be fcarcely feen. Suppofe, for example, that J of the 
]ight peiyfli in its paffage firom the neareil fixed ilars to us ; 
then i will twice periih in its paffage through a double fpaoe, 
thrice through a triple, and fo forth. And, therefore, the 
fixed flars that are at a double diflance will be 16 times more 
obfcure, viz. 4 times more obicure on account of the dimi- 
niihed apparent diameter; and, again, 4 times more on ac* 
count of the loft light. And, by the fame argument, tbe 
fixed ftars at a triple diftance will be 9 x 4 X 4, or 144 times 
more obfcure ; and thofe at a quadruple diftance will be 
16x4X4X4, or 10id4 times more obfcure ; but fo great 
a diminution of light is no ways confiflent with the phsBno- 
mena and with that hypotbefis which places the fixed ftars at 
different diftancesr. 

The fixed flars being, therefore, atfuch vafl diflances from 
one another (p. 254, 255), can neither attradl each other fen- 
fiihly, nor be attra^ed by our fun. But the comets muft nn* 

ayoidably be aded on by the drcum-fdar. fime; for as tbe 
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comets ware placed by aftrononwn above' the moos^ becaafe> 
they were found to have no diurnal parallax, £o their annual' 

parallax is a convincing proof of their defcending into the re- 
gions of the planets. For all the ct)iiiets which move in a di- 
red cpurfe, according to the order ot the £igns, about the end 
of their appearance become Ynore than ordinarily ilow^ or re- 
trograde, if the earth is between them and the fun ; and more • 
than ordinarily fwift if the <earth is approaching to a hdio* 
centric oppofitioii with them. Whereas, on the other hand, 
thofe which move againit the order of the (igns, towards the 
end of their appearance, appear fwii'ter than they ought to be 
if the earth i^ between them and the fun ; and flower, and 
perhaps retrograde, if the earth is in the other fide of its orbit. 
This is occafioned by the moLioii of the earth in dilferent 
fituations. Jf the earth go the fame way with the comet, 
with a fwiAer motion, the comet becomes retrograde'^ if with 
a flower motion, the comdt becopnes flower however ; and if 
the earth move the contrary way, it becomes fwifter ; and by 
colIe6ling the differences between the flower and fwifter mo- 
tions, and the fums of the more fwift and retrograde motions, 
and comparing them with the iituation and motion of the 
earth fzoin whence they arife, 1 found, by means of thia paf» 
rallu, that the difisncesof the comets at the time they oesfe 
to be yifible to the'naked eye are always lefs than the diftanee 
of Saturn, and generally even leis than the diilauce of Ju- 
piter. 

The fame thing may be coUeded from the eumtureof the 
way of the comets (p. 256). . Thefe bodies go on nearly in 
great eirdes While their motion contmuel) £mh ; but alxiut 

the end of their courfe, when that part of their apparcu I mo- 
tion which arifes from the parallax bears a greater propor- 
tion to their whole apparent motion, they commosily deviate 
fiom thofe oircles; and. when the earth goes to one fide, they 
deviate to the other ; and this defledUon, becaufe of its cdr- 
refponding with the motion of the earth, mufl arife chiefly 
from the parallax ; and the quantity thereof is fo conliderable, 
9S^ by my oomputation, to place the difappearing comets a 
good deal lower than Jupiter. Whence it follow^ that, wh^n 
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they ftpproack nearer to us in their perigees and perihelions^ 
they (rfbn defoend below the orbiU of Mars and the inferior 
planets. 

Moreover, this nearnefs of the comets is confirmed hy the 
annual parallax of the orbit, in fo far as the fame is pretty 
nearly colle<S^ed by the fuppofition that the comets move uni- 
Aurmlj in right lines. The method of coUe^ing the diftance 
of a comet according to this hypotbeiisfrom foorohiervations 
(firft attempted by Kepler, and perfeded by Dr. Wallis and 
Sir Chrijiopher Wren ) is well known ; and the comets re- 
duced to this regularity generally pais through the middle 
of the planetary region. So the comets of the years 1607 and 
1§18, as their motions are defined by Kepler, pafied between 
the fun and the earth ; that of the year 1664 below the orbit 
of Mars; and that in 168O below tlic orbit of Mercury, as its 
motion was defined by Sir Chrijlopher Wren and others. By 
a like xedliHnear hypothefis^ HeveHus placed all the oomets 
about which we ha^ any obfervations below the orbit of Jo* 
piter. It is a falfe notion, therefore, and coatrary to aftro* 
nomical cak ulation, which fome have entertained, who, from 
the regular motion of the comets^ either remove them into 
the regions of the fixed Aars, or deny Ibe motion of the earth ; 
sdiereas ihev motions cannot be ledviced to per£a^ regnlari^, 
iuik& we fuppofe thengi to pafs tbrongfa the regions near the 
earth in motion ; and thefe are the arguments drawn from 
the parallax, fo far as it can be determined without an ex9/5i 
knowledge* of the orbits and motions of the comets. 

, Thie near approach of the comets is farther confirmed fnm 
die light of dieur heads (p. 257 to €60) ; for the light of » ce- 
leftial body, illuminated by the fun, and receding to remote 
parts, is diminifhed in the quadruplicate proportion of the 
diilance; to wit, in one duplicate proportion on account of 
iheincceale of the-difiancefipom the fan; and in another du- 
plicate proportion on aecount of the decieafe of the appamt 
diameter. Hence it may be inferred, that Saturn being at a 
double diftance, and having its apparent diameter nearly half 
of that of Jupiter, muH appear about I6 times more obfcure; 
and thaty if ita diflanca yrm 4 times greater, its ligl^ would 
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be 256 times lefs ; and therefore would be hardly pereeivable 
to the naked eye. But now the coHiets often equal Saturn'g 
light, without exceeding him in their apparent diameters. So 
the comet of the year l668> according to Dn Hooke'% obfer- 
Vations^ equalled in brightnefs the light of a fixed ftar of the 
firft magnitude ; and its head, or the ftar in the middle of the 
coma, appeared, through a telefcope of 15 feet, as lucid as Sa- 
turn neai- the horizon ; but the diameter of tiie head was only 
23" ; that is, almoii the fame with the diameter of a circle 
equal to Saturn and bis ring. The coma or hair furrounding 
the bead was about ten times as broad ; namely, 44 min. 
Again; the leaft diameter of the hair of the comet of the year 
l682, obferved by Mr, Flamficd with a tube of 16 feet, and 
meafured with the micrometer, was 9! 0" ; but the nucleus^ 
or ftar in the middle^ fcarcely poflefled the tenth part of this 
breadth, and was therefore only 1 1" or 12" broad ; but the 
light and clearnefs of its head exceeded that of the year 1680, 
and was equal to that of the ilars of the £rft or fecond mag- 
nitude. Moreover, the comet of the year l665, in April, as 
HeveUm informs. iis, exceeded almoftdi the fixed fiars ia 
fplendor, and even Saturn itielf, as being of a much more 
vivid colour; ioi this comet was more lucid than that which 
appeared at the end of the foregoing year, and was compared 
to the ftars of the firfl magnitude. The diameter of the coma 
was about 6f ; but the nucleus, compared with the planets by 
means of a telefcope, was plainly lefs than Jupiter, and waa 
fometimes thought lefs, fometimes equal to the body of Sa- 
turn within the ring. To this breadth add that of the ring, 
and the whole face of Saturn will be twice as great as that of 
the comet, with a light not at all more intenfe; and there* 
fiHre the comet was nearer to the fun than Saturn. From the 
proportion of the nucleus to the whole head found by thefe 
obfervations, and from its breadth, which feldom exceeds 8' 
or 1 2', it appears that the ftars of the comets are moil com- 
mbnly of the faide apparent magnitude as the planets ; but 
that their light may be compared oftentimes with that of Sa* 
turn, and fometimes exceeds it. And hence it is certain that 
ia their perihelia their diftances can fcarcely be greater than 
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that of Saturn, twice that diftancCj the light would be 
four limes lefs, which hefides hy its dim ptdenels would be as 
much inferior to the light of Saturn as the light of Saturn is 
to the fpkndor of Japiter: hat this diffeience wonld he eaiilj 
ohierved. At a diftance ten times greater^ their hodies muft 
be greater than that of the fun ; but their light would be J 00 
times fainter than that of Saturn. And at diftances ftill 
greater^ their bodies would far exceed the fun ; but^ being in 
inch dark regions^ they mufl be no longer vitible. So impo£* 
fihle is it tp place the comets in the middle regions between 
the fun and fixed liars, accounting the fun as one of the fixed 
flars ; for certainly they would receive no more light there 
from the fun than we do from the grealeft of the £xed 
fiars. . 

So far we have gone without confidering that obfcuration 
which comets fuffer from that plenty of thick fmoke which en* 
compafletli their heads, and through vvlucli the heads always 
Ihew dull as through a cloud ; for by how much the more a 
body is obfcured by this fmoke^ hy fo much the more near it 
muftbe allowed to come to the tan, that it may vie with the 
planets in the quantity of light which iOrefle6is; whence 
it is probable that the comets defcend far below the orbit of 
Saturn, as we proved before from their parallax. But^ above 
all^ the thing is evinced from their tails, which mull be owing 
either to the fun's light refleded from a fmoke arifing from 
them, and difperiing itfelf through the ether, or to the light 

of their own heads. 

In the former cafe we rauft fhorten the diftance of the co* 
mets, left we be obliged to allow that the fmoke ariiing. from 
their heads is propagated through fuch a vaft extent of fpace, 
and with fuch a velocity of expaniion, as will feem altogether 
. incredible ; in the latter cafe the whole light of both head and 
tail mull be afcribed to the central nucleus. But, then, if 
we fuppofe all this light to be unitec^aad condenfed within 
the diflc of the nucleus, certainly the nnekus will by far ex- 
ceed Jupiter itfelf in fplendor, efpecialiy when it emits a very 
large and lucid tail. If, therefore, under a lefs apparent dia- 
meter, it refiedls more lights it muil be much more illuminated 
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by the tvm^ and therefore much nearer to it. So the opmet 
that appeared Dee. 12 and 15^ O.S. Atmo 1679> at the time 

it emitted-a very (hining tail, whole fplendor was equal to 
that of many ftars like Jupiter^ if their light were dilated and 
^read through lb great a fpace, was, as to the magnitude of its 
nucleus^ lefs than Jupiter (as Mr. Fiam^ed obferved)^ and 
therefore was much nearer to the fun : nay, it was even lefs 
than Mercury. For on the J 7th of that month, when it was 
nearer to the earth, it appeared to CaJJini through a telefcope 
of 35 feet a little lefs than the globe of Saturn. On the 8th 
of this month, in the morning. Dr. Halley faw the tail, ap- 
pearing broad and very ihbrt, and as if it rofe from the body 
of the fun itfelf, at that time very near its rifmg. Its form 
was like that of an extraordinary bright cloud; nor did it 
difappear till the fun itfelf began to be leen above the horU. 
zon. Its fplendor, therefore, exceeded the hght of the 
clouds till the fun rofe, and far fnrpaffed that of all the ftars 
together, as yielding only to the immecKate brightnefs of the 
fun itfelf. Neither Mercury, nor Venus, nor the moon it- 
felf, are feen lb near the riling fun. Imagine all this dilated 
light colle^d together, and to be crowded into the orbit 
of the comet's nucleus which was lels than Mercury ; by its . 
fplendor, thus increaied, becoming fo much more oonfpicnous, 
it will vaflly exceed Mercury, and therefore mull be nearer 
to the fun. On the l!2Lh and 15th of the fame month, this 
tail, extending itfelf over a much greater fpace, appeared 
more rare ; but its light was ftill fo vigorous as to become vi^ 
fible when the fixed ftars were hardly to be feen, and foon 
after to appear like a fiery beam ihining in. a wonderful 
manner. From its length, which was 40 or 50 degrees, and 
its breadth of 1 degrees^ we may compute what the light of 
the whole muft be. 

This near approach of the comets ta the fun is confirmed 
from the fituation they are feen in when their tails ap 
pear moft refplendent ; for when the head palTes by the 
fun, and lies hid under the folar rays, very bright and fliin- 
ing tails, hke fiery beams, are faid to iHue from the horizon; 
but afterwards^ when the head begins to appear^ and is got fW- 
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ther from the fun, that fplendor always decreafcs, and turns 
by degrees into a paienels like to that of the milky way, but 
much more fenfible at firii; after tbat van i thing gradually. 
Snch was that moft ref(>leiident comet defcribed bj Arifiotie, 
lib. 1. Meteor. 6. The head thereof could not be feen, 
becaufe it fet bcturc the fun, or at leaft was hid under the 
fnn*s rays; but the next day it was fctn as well as might be ; 
for, having left the fun but a very little way, it let immedi- 
ately after it ; wad the feattered light of the bead obfeured 
by the too great fplendoor (of the tail) did not yet appear. But 
afterwards (f.iys ArijlotU), when the fplendour of the tail was 
now diiJiiudhed, (the head of) the coiuel recovered its native 
brightnefs. And the fph ndour of its tail reached now to a 
third part of the heavens (that is, to ^O""). It appeared io 
the winter feafon^ and, rifing to Omon's girdle, there vaniih-* 
ed away.'^ Two comets of the fame kind are defcribed by 
JujUny hb. 37, which, according to his account, fhined fo 
bright, that the whole heaven feeined to be on fire; and by 
their e:reatnefs iilled up a fourth part or the heavens, and by 
their fplendour exceeded that of the fun." By which laft 
words a .near pofition of thefe bright comets and the rifing 
or fetting fun is intimated (p. 296, 297). We may add to 
thefe the comet of the vear 1101 or ] l06, the ftar of 
which was fmall and obfcure (^like that of 168O); but the 
fplendour arifing from it extremely bright, reaching like a 
fiery beam to the eail and north," as Heveiius has it from 
Sumont the monk of Durham. It a[)peared at the begin- 
ning of FehrHorif about the evening in the Ibuth-weft. From 
this and from tlic fituatioii ot the tail we mav infer that the 
head was near the lun. Maithew Fans IViys, " it was about 
one cubit from the fun; firom the third [or rather the 
fixth] to the ninth hour fending ont a long ftreara 
of light.'^ The comet of 1<^4^ in Jufy^ or about the 
folftice, preceded the rifing fun, lending out its beams with 
' a great light towards the weft as far as the middle of the 
heavens ; and at the beginning it afcended a little above the 
horizon; but as the fun went ibrwaids it retired every day 
farther from the faoriJBon, till it paffed by the veiy middle 
the heavens. It is faid to have been at the beginning large 
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and bright^ having a large coma, which decayed from day to 
day. It is defcribed in Append. Matth. Parif. Hiji. Ang, 
after this manner : " An, Chrijii 1^65, ihcre appeared a 
comet fo wonderful, that Done then Iking had ever feen the 
like; for, rifing from the eaft with a great brightoefs, it ez«< 
tended itfelf with a great Hght as for as the middle of the 
hemifphere towards the weft." The Latin original being 
fonnewhat barbarous and obfcure, it is here fubjoined. Ab 
oriente enm cum magno fuigorc furgens, ufrjue ad medium 
iumfph^i verfui aecUUntm, amma perlueide ptrtfaUbai. 

Id the J car 1401 or 1408, the fan being got below the 
horizon, there appeared in the weft a bright and (hining 
c^met, lending out a tail upwards, in fplendor like a flame of 
• fire, and in form like a fpear, darting its rays iiom weft to 
eaii. When the fan was fanlc below the horizon, by the 
luftre of its own rays it enlightened all the borders of the 
earth, not permitting the other ftars to (hew their light, or 
the (hades of night to darken the air, becaufe its light exceed- " 
ed that of the others, and extended itfelf to the upper part 
of the heavens, Baming" &c. HiJl. Byzant,Duc. Mich, Nepot. 
From the fitnation of the tail of this cornel, and the time of 
its firft appearance, we may infer that the head was then 
near the fun, and went farther from him every day ; for that 
comet continued three months. In the year 1527, Aug. 11, 
about four in tlie morning, there was feen almoii througboat 
Europe a terrible comet in LeOs which contlmied flaming aa 
hoar and a quarter every day. It rofe from the etft, and 
afcended to the fouth and weft to a prodigioas length. It was 
moll conl'picuous to the north, and its cloud (that is, its tail) 
was very terrible ; having, according to the fancies of the 
vn]gar» the form of an arm a little bent holding a fword of a 
▼aft magnitude. In the year 16I8, in the end of November, 
there began a rumour, that there appeared about fnn-rifing 
a bright beam, which was tlie tail of a comet whofe head 
was yet concealed within the brightneis of the folar rays. 
On Nov, 24, and from that time, the comet itfelf appeared 
with a bright light, its head and tail being extremely refpbn* 
dent. length of the tai]> which was atfirftw ordO deg. 
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incroafed till Deambtr g, when it arofe to 75 dcg. but with- 
a light much more laint and dihitc than at the beginning. 
In the year MyQ^y March .5, N. S. about leven in the evening, 
P. Valent, Jiljlajicius, being in Brafii, faw a comet near the 
horizon in th^ foath<-weiL Its head was Cmall^ and fcarcely 
difoernible^ but Its tail extremely bright and refulgent, fo 
that the refle<5Uon of it from the fea was eafily feen by thofe 
who ftooti upon the fhore. This great fplendor lailed but 
three days, decreafing very remarkably from that time. The 
tail at the beginning extended itfeif from weft to fouth, and 
in* a (ttuatioo almoft parallel to the horizon, appearing 
like a (hining beam 23 deg. In length. Afterwards, the light 
decreaiing, ils magnitude inercaied till the comet cealed to 
be vilible; lb that Cajjini, at Bologna, law \t{Mar. \0, 11, 
12) riling from the horizon 32 deg. in length, in Portugal 
It is faid to have taken up a fourth part of the heavens (that 

. Is, 45 deg.)^ extending itfelf from weft to eail with a notable 
brightnefs; though the wliole oi it was not leen, becauie the 
bead in this pa^t of the world always lay hid below the hori- 

. son. From the increafe of the tail it is plain tlmt the head 
receded from the fun, and was neared to it at the beginnings 
when the tail appeared brighteft. 

To all thefe we may add the comet of l6S0, whofe wonder- 
ful fplendor at the conjunction oi' the head with the fun 
was above defcribed. But fo great a fplendor argues the 
comets of this kind to have really paifed near the fountain of 
light, efpecially fince the tails never fhine fo much In their 
oppofition to the fun ; nor do we read that* fiery beams have 
ever appeared there. 

Lalily, the fame thing is inferred (p. 259 to 261) from the 
light of the heads increafing in the recefsof the comets from ^ 
the earth towards the fun, and decreafing in their return from 
the fun towards the earth ; for fo thelaft comet of the year i665 
(by the obiervation uf Ilcvelius), from the time that it was 
firil ieen, was always lofing of its apparent motion, and there- 
fore had already palTed its perigee; yet the fplendor of its head 
was daily increafing> tiii, being hid by the fan's rays, the 
moMl coifed to appear. The comet of the year 1^3 (by 
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the oblervation of the fame Hevelius), about the end of Jufy, 

when it firft appeared, moved al a very (low rate, advancing 
.ooJy about 40 or 45 minutes in its orbit in a day's time. But 
from that time its diurnal motion was continually upon the 
incieafe till Septem^r 4> wlien it arofe to about 5 degiees ; 
and therefore in all thb interval of time the comet was 
approaching to the earth. Which is likewife proved from 
the diameter of its head mealured with a micrometer; for, 
Anguft the 6th, Hevelius found il only 6' b" , including thi 
coma ; which^ Sqttetnber 2, he obferved 9' And. therefoine 
its head appeared far lefs about tlie beginning than towards 
the end of its motion, though about the beginning, becaule 
nearer to tiie fun, it appeared far more lucid than towards 
the end, as the fame Hevelius declares. Wherefore in ail ' 
this interval of time^ on account of its recefii from the fun, 
it decreafed in fplendor, notwithllanding its accefs towards 
the earth. The comet of the year l6 18, about the middle 
of December, and that of the year 1680, about the end of 
the fame month, did both move with their greateft velocity, 
and were therefore then in their perigees; but the greateH 
fplendor of their heads was feen two weeks before, when 
they had juil got clear of the fun's rays ; and the greateft 
fplendor of their tails a little more early, wlicn yet nearer to 
the fun. The head of the former comet, according to the 
obfervations of Cyjalus, Dec, 1, appeared greater than the 
ftars of tbe firft magnitude ; and, Dec» 16 (being then in its 
perigef^), of a fmall magnitude, and the fplendor or cleamefs 
was much diminifhed. Jan. 7> Kepler, being uncertain about 
the head, left off obferving. Dec. 12, the head of the laft 
comet was feen and obferved by Fiamjled at the diftance of 
9 d^rees from the fun, which a ftair of the third magnitude 
could hardly have been. December 15 and 17« the fame 
appeared like a ftar of the third magnitude, its fplendor 
being diminifhed by the bright clouds near the fetting fun. 
Dec. 26, when it moved with the greateii fwiftnefs, and was 
almoft in its perigee, it was inferior to Os Pegaji, a ftar of 
the third magnitude. Jan. 3, it appeared like a ftar of the 
fourth i Jan. 9, like a ftar of the fifth. Jmu^ \S, it dlfappear- 
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ed^ by reaibn of the brightnefs of the moon^ which was then 

in its incieale. Jan. 23, it was fcarcely equal to the liars of 
the i'cventh magnitude. It we take equal times oa each hand 
of the perigee, the heads placed at remote diftances would 
bave fhincd equally before and after, becaufe of their equal 
difiances from the earth. That io one cafe they (hined very 
bright, and in the other vaiii{hed, is to be afcribed to the 
nearnefs of the tun in the firit cafe, and his diitanee in the 
Other; and from the great difference of the light in thefe two 
cafes we infer its great n^eamefs in the firft of them; for the 
light of the comets nfes to be regolar, and to appear greateft 
when their heads move the fwifteft, and are theretbre in their 
perigees; excepting in fo far as it is iocreafed by their near- 
nefs to the fun. 

From theie things I at laft difcovered why the comets fre* 
quent fo much the region of the fun. If they were to be ieen 
in the regions a great way beyond Saturn, they niuft appear 
oftener in thofe parts of the heavens that are oppofite to the 
fun ; for thofe which are in that fituation would be nearer to 
the earth, and the interpofition of the fun would ohfcure the 
others : hut, looking over the hiflory of comets, I find that 
four or five times more have been I'een in the liemifphere to- 
ward the fun than in the oppofite hemifphere ; befides, with- 
out doubt, not a few which have been hid by the light of the 
fun ; for comets defcending into our parts neither emit tails, 
nor are fo well illuminated by the fan, as to difcover them- 
selves to our naked eyes, till they are come nearer to us than 
Jupiter. But the far greater part of that ipherical fpace, 
which is dcfcribed about the fun with fo finall an interval, lies 
on that iide of the earth which regards the fun, and the co- 
mets in that greater part are more ftrongly illuminated, as 
being for the moft part nearer to the fun : befides, from the 
remarkable eccentricity of their orbits, it comes to pafs that 
their lower ap&des are much nearer to the fun than if 
their revolutions were performed in circles concentrio to the 
Am. 

Hence alfo wetinderftand why the tails of the cdmets, while 
their heads are defcending towards the fun, always appear 
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(hort and rare, and are feldom faid to have exceeded 15 or 
SO deg. in length ; but in the recefs of the headu from the 
foD often (faine like fiery beams^ and foon after reach to 40^ 
50, 60, 70 deg. in length, or more. This great fplendor and 
length of the tails arifes from the heat which the fun com- 
municates to the comet as it palTes near it. And tiience, I 
think, it may be concluded^ that all the comets that have 
had fach tails have pafied very near the fim« 

Hence alfo we may colled that the tails arife from the at* 
mofpheres ot ilic heads (p. 287 i-o 288): but we have had 
three I'evei al opinions about the tails of comets ; for fome will 
have it that they are nothing die but the beams of the fun's 
light tranfmitted throogh the comets' heads, which they fap* 
pofe to be trani^Munent ; others, that they proceed from the 
refra6lion which light fuffers in pafling from the cuiatL s iitad 
to the earth ; and, laftly, others, that they are a fort of clouds 
or vapour constantly rifing from the comets' heads, and tend- 
ing towards the parts oppofite to the fun. The firil is the opii> 
nion of fnch as are yet unacquainted with optics ; for the 
beams of the fun are not feen m a darkened room^ but in con- 
fequence of the light that is reflected from them by the little 
particles of dufl and fmoke which are always flying about in 
the air $ and hence it is that in air impregnated with thick 
fmoke they appear with greater brightnels, and are more 
faintly and more difficultly feen in a finer air; but in the hea^- 
vens, where there is no matter to rcricci the hght, they are 
not to be feen at all. Light is not feen as it is in the beams, 
but as it is thence vefle^ed to olireyes ; for vifion is not made 
but by lays falling upon the eyes, and therefore there muft 
be ibme refleftbig matter in thofe parts where the tails of co- 
mets are leen ; and fo the argument turns upon the ilmd opi- 
nion ; for that reliedling matter can be no where found but 
in the place of the tail, becaufe otherwife, iince all the ce-» 
leftial fpacea are equally illuminated by the fun's light, no 
part of the heavens oould appear with more fplendor than ano- 
ther. The fecond opinion is liable to many difficulties. The 
tails of comets are never feen variegated with thofe colours 
which ever ufe to be inlepaiable from refradtion ; and the 
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diilincl Iranrmiflion of the light of the fixed ftars and planeU 
to us is a detnonitration that the sether or celeilial medium is 
obfc endowed with any refradive power. For as to what is al<*. 
kdged that the fixed (lars have beea fometimes feen by the 
Egyptian eiiviioned with a coma or capillitium, hecaufe that 
has but rarely happened, it is rather to be afciibed to a ca- 
fual refrad^ion of clouds, as well as the radiation and fcintil- - 
latioD of the fixed iiars to the refra6yoDs both of the eyes and 
air ; for upon applying a telefcope to the eye, thofe radia- 
tions and fcintillatiotts immediately difappear. By the tre« 
luulous agitation of the air and afcending vapours, it happens 
that the rays of light are alternately turned aiide from the 
narrow fpace of the pupil of the eye; but no fuch thing can 
bave place in the mnch wider aperture of the obje6l*glafs of 
a telefcope ; and hence it is that a fdntillation is occafioned 
in the former cafe which ceafes in the latter ; and this cefTa- 
tion in the latter cafe is a demonflration of the regular tranf- 
miiiion of light through the heavens without any fenilble 
lefra^tion. But, to obviate an objection that may be 
made from the appearing of no tail in fuch comets as ibine 
but willi a faint light, as il the I'econdary rays were then too 
weak to affedl the eyes, and for this reafon it is that the tails 
of the fixed Hars do not appear, we are to confider that by 
the means of telefcopes the light of the fixed ftars may be 
augmented above an hundred foH <uid yet no tails are feen ; 
that the light of the planets is yet more copious without any 
tail, but that comets are feen fometimes with huge tails, when 
the light of their heads is but faint and dull ; for fo it hap- 
pened in the comet of the year 1680, when in the month of 
December it was fcaroely equal in light to the ftars of the fe- 
eond magnitude, and yet emitted a notable tail, extending 
to the lenglh of 40°, 50% 60°, or 70°, and upwards ; and af- 
terwards, on the 27th and Q8th of January, the head ap- 
peared but as a flar of the feventh magnitude \ but the tail (as 
was faid above), with a light that was fenfible enough, though 
iaint, was ftretched out to 6 or 7 degrees in length, and with 
a languifhing light that was more difiicultly feen, c/ca to 12° 
and upwards. But ob the 9th and lOth of February, when 
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to the naked eye the head appeared no more^ I faw through 

a lelefcope the tail of 9^ in length. But farther ; if the tail 
was owing to the redaction of the celefUal matter, and did 
deviate from the oppoiitioa of the fun, according as the fi* 
gure of the heavens requires, that deviation, in the fame 
places of th^ heavens, fhould be always diredied towards the 
fame parts: but the comet of the year 1680, December 28*. 
8f*. l\ M, at Lontlon, was I'een in Pifres 8° 4\', with latitude 
nortli 28*' 0', while the fun was in Capricorn 18° 26'. And 
the comet of the year I577> December was in Pifces 8** 
41', with ialitade north 28** 4(y; and the fun, as before, in 
about Capricorn 18^ In both cafes the fituation of the 
' earth was the fame, and the comet appeared in the fame 
place of the heavens ; yet in the former cafe the tail of the 
comet (as well by my obfervatioirs as by the oblervations of 
others) deviated from the oppolitiojii of the fan towards the 
north by an angle of 4| degrees, whereas in the latter there 
was (according to the obfervation of Tycho) a deviation of 21 
degrees towards the fouth. The refra6tion, therefore, of the 
heavens being thus difproved, it remains that tiie pha^no* 
menaof the tails of comets muft be derived from fome reflect 
ing matter* That vapouns fufficient to ill fuch immenfe 
fpaces may arife from the oomete' atmofpheres, may be eafily 
underftood by what follows. 

It is well known that the air near the furface of our earth 
poiTeifes a Ipace about 1200 times greater than water of the 
lame weight; and tiieretbre a cylindric column of air 1200 . 
feet high is of equal weight with a cylinder of water of the 
fame breadth, and but one foot high. But a cylinder of air 
reaching to the top of the atmoiphere is of equal weight with 
a cylinder of water about 33 feet high ; and therefore if from 
the whole cylinder of air the lower part of 1200 feet high is 
taken away^ the remaining upper part will be df equal weight 
with a cylinder of water 32 feet high. Wherefore at the 
height of 1200 feet, or two iiu longs, the weight of the in- 
cumbent air is lefs, and confequently the rarity of the com- 
pieifed air greater, than near the furface of the earth in the 
ratio of 55 to 32t And, having this ratio, we may compote 
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therajrily of the air in all places whatfoever (by the help of 
cor. prop. 2> book 2), fuppofiog the expanQon thereof to be 
Kciprocally proportional io its compreffion ; and this propor* 
lion has been proved by the experiments of Hooke and others. 

The rel'ult of the computation I have fetdown in the following 
tabie, ill the full column of w bicli you have the height of the 
air in miles, whereof 4000 make a femi-diameter of the earth; 
in the fecond tlie compreilion of the air, or the incumbent 
weight:; in the third its rarjly or expanfion, fuppofinggra* 
vity to decreafe in the duplicate ratio of the diftances from 
the earth's centre. And the Latin numeral chara6lers 
are here ufed for certain numbers of cipliers, as O^xvii 
1224 for 0,000000000000000001^, and 269^6 XV for 



riTiTITilllOIiTIIOTIIIIITI 



AIR* 



rHelght. 1 Comprcflion. 


Expanfion. ^ 


0 
6 
10 

20 
40 
400 
4000 
40000 
400000 
4000000 
iofinit^. 


17,8515 

2,852 
0,2525 
0,xvii 1224 
0,cv 4405 
0,cxcii 16*28 
0,ccx 7895 
0,ccxii 9878 
0,cacii 6041 


1 

1,8486 

3, 1 151 
11,571 
136,83 

26956 XV 

75907 cii 
20263 clxxxix 
41798 ccvii 
334Y4cetX 
54693 ecix 



But from this table it appears that the air, in prooeedmg 

upwards, is rarefied in fuch manner, that a Iphere of that air 
which is neareit to the earth, of but one inch in diameter, if 
dilated with ihatrarefadion which it would have at the height 
of one iemi-diameter of the earth, would fill all the planetary 
regions as far as the fphere of Saturn, and a great way be- 
yond ; and at the height of ten femi-dianieters of the earth 
would fill up more fpace than is contained in the whole hea- 
vens on this fide the fixed itars, according to the. preceding 
oouiputation of their didanoe. And though, by redbn of the 
far greater thickneis of the atmofpheies of comets^ and the 
great quantity of the circom-folar centripetal force, it may 
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hap]>eii that the oir io the celeftial fpaces, aod in the taib of 
comets^ Is not fo vaftly rarefied, yet from this computation it 

is plain that a very fmall quantity of air and vapour is abun- 
dantly fufficient to produce all the appearances of the tails 
of comets; for that they are indeed of a very notablf rarity 
appears from the (hiniog of the ftars through them. The 
niofphere of the earth, illuminated by the fun's light, though 
but of a few mites in thick nefs, obfcures and extinguiflies the 
light not only of all the ftars, but even of the moon itfelf ; 
whereas the final left itars are feea to ihine through the im- 
menfe thicknefs of the tails of comets, likewife illuminated 
by the fun^ without the leail diminution of their fplendor. 

Kepier afcribes the afcent of the tails of comets to the at** 
mol'phcfts of their heads, and their direction towards the 
parts oppofite to the fun to the at^lion of the rays of light car- 
rying along with them the matter of the comets' tails ; and 
without any great incongruity we may fuppofe that, in fo 
free fpaces, fo fine a matter as that of the ether may yield to 
the adion of the rays of the fun's light, though thofe rays are 
not able fenfibly to move the grofs fubftances in oor parts, 
which are clogged with fo palpable a reiidance. Another 
author thinks that there may be' a fprt of particles of matter 
endowed wilh a principle of levity as well as others are with a 
power of gravity ; that the matter of the tails of comets may 
be of the former fort, and that its afcent from the fun may 
be owing to its levity ; but, confidering the gravity of ter- 
reftrial bodies is as the matter of the bodies, and there- 
fore can be neither more nor lefs in the fame quantity 
of matter, 1 am inclined to believe that this afcent may 
rather proceed iirom the rarefadlion of the matter of the co- 
mets' tails. The afcent of fmoke in a chimney is owing to 
the impulfe of the air with which it is entangled. The air rare- 
fied by heat.afcendsj becaufe its fpeciHc gravity is diminiihed, 
and ia its afcent carries along witU it the fmoli^ with which it 
is engaged. And why may not the tail of a comet rife from 
the fun after the fame manner? for the fun's rays do not a& 
any way upon the mediums which tiiey pervade but by re- 
fiediion aod refractions and ihoie reEe<^iDg particles heated 
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hy thk a^Uoii> iMat the matter of the sther wfaieh is involf^ 

ivith them. That matter is rarefied by the heat which it ac- 
quires, and becaufe by this rarefadtioii the fpecific gravitj, 
with which it tended towards the fun before, is dimiaiihed, it 
Will afceod thereftom like a ftrean, and carry along with it 
ihie refle^ng particles of which the tail of the comet is com- 
pofed ; the impulfe of the fun's light, as we have faid, pro- 
moting the afcent. 

But that the tails of comets do arife from their heads (p. 
£88), and tend towards the parts oppoiite to the fun, is far- 
Iher confirmed from the laws which the tails ohlenre ; for, Ij* 
ing in the planes of the comets' orbits which pafs through the 
fun, they conftantly deviate from the oppofition of the fun 
towards the parts which the comets' heads in their progrefs 
- along ihofe orbits have left ; and to a fpedator placed in 
IhoCe planes they apipeair in Ihe parts 4ire&tj oppofite to the 
fon ; hilt as the f\)edator recedes Irom thoib planes, their de^ 
viatioii begins to appear, and daily becomes gi eater. And 
the deviation, cateris paribus , appears leis when the tail is 
more oblique to the orbit of the comet, as well as when the 
head of the com«t mppto^ef^ nearer to the fan ; e^ciaUj 
if the angle of deviation is ^ftimated near tihe head of the co* 
met. Farther; the tails which have no deviation appear 
ftraight, but the tails which deviate are likewife bended into 
a certain cnrvature ; and this curvature is greater when the 
deviation is greater, and^is more fenfibk when the tail, 
' tmiMfariku, is longer ; fer hi the ihorter «a^ the onrvatara 
Is liatd!;^ to he perceived. And the angle of d^viatien is left 
near the comet's head, but greater towards the other end of 
the tail, and that becaufe the lower fide of the tail regards , 
the parts from which the deviation is made, and which lie ia 
a right line drawn out infinildy finm llie Ian dirough the 
oomet*8 head. And the tails that are longer -and hroader, and 
ftiine with a Itronger hght, appear more refplendent and 
more exa6lly defined on the convex than on the concave fide. 
Upon which accounts it is |>lain tiiat the phssnomena of the 
tails oft* comefts depend upon the mdioas of their heads, and 
by no means niKm the places of the heavens in irhtch their 
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heads are feen; and tfaAti therefore^ the tails of the coomIs 
do not proceed from the refraAioB of die heaifens, bni from 

their own h^ads^ which furnifh the matter that forms the 
tail ; for as in our air the fmoke of a heated body afcends 
either perpendicularly if the body is at reft^ or obliquely if the 
body is moved obliquely^ fo in the beayens, where all the bo- 
dies gravitate towards the fnn^ fnn&e and vapour mv£t (as we 
have already faid) afcend froia the fun^ and either rife per* 
pendicularly if the fmokinghody is at reft^ or obliquely if the 
body^ in the progrefs x)£ its motion, is always leaving thoie 
places from which the upper or higher parts of the vapours 
had rifen before; And that obliquity will be lefs where the 
▼aponr afcends with more vdoei^j to wit, near the fmoking 
body, when that is near the fun ; -for there the force of the 
fun by which the vapour al'cends is flrongen But becauf^ 
the obliquity is varied, the column of vapour will be Incur- 
▼ated ; and becaufe the vapour in the precieding fide is fome« 
thing nore recent, that is, has afocnded fomdihing mme 
Jately from the body, it will therefore be fomething more 
denfe on that fide, and mnft on that account refledl more 
lights as well as be better dehned ; the vapour on the other 
fide languiOiing by d^giees, «Bd vaniihtiig out of fight. 

But it is nooe ii our prefent bnfinels touKplmn the cmiiha 
of the appearances of aatuve. Let thofe <AiingB which we 
have lail faid be true or falle, we have at leaft made out, in 
the preceding difoourfe, that the rays of light are diredUy 
ptcgpiagaled from the tails «f oomets in right hnes trough the 
heaTeasy in which Ihofe tails appear to the fpedbxiors whorevat 
placed ; and confequently the tails muft albend from tfaie 
heads of the comets towards the parts oppolite to the fun. 
And from this principle we may determine anew the limits of 
their ^iftances in manner following. Let S reprefent the Qm, 
Ttfie esurth, STA the dongatioa of a oomt ffom the te^ 
and ATB the apparent length of its tail $ and becaufe the li^it 
is propagated from the extremity of the tail in the diredHon of 
the right line TB, that extremity muft lie fomewhere in the 
line TB. Suppofe it in D,and join DS cuttingTA in C. Tbei^ 
kcMfe the tail is dways ftieldwd out towaids the pum 
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nearly oppo^te to the fun, and therefore the fun, the head of 
the comet, and the extremity of the tail, lie in a right line, 
the ccmiet's head wiU be foond in C. Parallel to TB dravr SA, 




S 

meethig the line TA in A» and the comet's head C muft ne- 
ceflariiy be foand between T and A, becanfe the extremity I 

of the tail lies fomewhere in the infinite line TB ; and all the 
f lines SD which can poflibly be drawn from the point S to the 
line TB mufl cut the line TA fomewhere between T and A. 
Wherefore the diftance of the comet from the earth cannot 
exceed the interval TA, nor its diftaDce from the fan the in« 
terval SA beyond, or ST on this fide the fun. For inilance ; 
the elongation of the comet of 1680 frOm the fun, Dec. 12, 
was ff*, and the length of its tail 35° at leail, Ifj therefore, i 
a triangle TSA is made, whoie angle T is eqoal to the elon- 
gation if, and aogle A equal to ATB, or to the length of the 
tail, viz. 35°, then SA will be to ST, that is, the limit of the ' 
greateft poflible diftance of the comet from the fun to the 
iiemi-diameter of the orbis magnus, as the fine of the angle T 
to the fine of the angle A, that is, as^abont 3 to 11. And 
therefore the comet at that time was lefs diilant from the fan 
than by ^ of the earth's diftance from the fun, and confe- 
quently either was within the orb of Mercury, or between that 
orb and the earth. Again, Dec, 21, the elongation of the 
comet from the fun was dftV# and the lei^ of its tail 7(f. 
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Wberefoi«i as the fine of 3S V ta the fioe of 70^^ thai w, aa 
4 to 7^ fo was the limit of the comet's difiance from the fun 
to thediilance of the earth fiom the fun, and confequenlly 
the comet had not then got without the orb of Venus. Dee, 
28, the elongation of the comet from tlie fun was 55'', and 
the length of its tail S(P; and tberefofe the limit of the 
eomef 8 uiftaiice from the ftm was not yet equal to the dif« 
lance of the earth from the fame, and conieqnently the cornel 
had not then got without the earth's orbit. But from its 
pai allax we find that its egrefs from the orbit happened about 
Jan. 5, as well as that it' had defcended far within the orbit 
of Mercory. Let us fappofe it to have been in hs perihelion 
Dec, the Bth, when it was in conjun^Uon with the fun ; and tt 
will follow that in the journey from its perihelion to its exit 
out of the earth's orbit it had fpent 28 days ; and confeqiient- 
ly that in the 26 or 27 days following, in which it ccaied to be 
farther Xeen by the naked eye, it had fcaroely doubled its dii« 
iance fiom the inn ; and hy limiting the diftances of other 
comets by the like arguments, we come at laft to this con* 
clufion, — that all comets, during the time in which they are 
Tifible by us^ are within the compafs of a fpherical fpace de* 
fcribed about the fun as a centi'e, with a radius double, or at 
moft triple, of the diftance of the earth from the fun. 

And hence it follows that the comets, during the whole 
time of their appearance unto us, being within the fphere of 
adlivity of the circum-folar force, and' therefore agitated by 
the impulfe of that force, will (by cor. 1-, prop. \s, for the 
fame reafon as the planets) he made to move in conic fedions 
that have one focus in the centre of the fun, and, by radii 
drawn to the fun, to defcrihe areas proportional to the times; 
for that force is propagated to an iimnenle diltance, and will 
govern the motions of bodies far beyond the orbit of Saturn* 

There are titiee hypotbefes aboat comets (p. ^) ; for 
feme will have it that they are generated and peAfh as often 
as they appear and vamih ; ulIk i s, that they come from the 
regions of the fixed ftars, and are leen by us in their palTaij^e 
through the fyilem of our planets^ and, laftlv, others, that 
they are bodies perpetually revolvuig about the fun in very . 

rs 
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•cctntrlc oibiU. In the fiiil caie^ ibe comets^ aceordiag U> 
their diBereni velocities wiU move id conic felons of aU 
Ibrtt; in the fSscond, they will defcrihe hyperbolas, and in 

either ot the two will frequent indifferently all quarters of the 
heavens, as well as thofe about the poles as ihofe towards the 
edipttc^ in the thirds ibeir motions, will be peribrjued in 
dlipfea veiy eooentric^ and veiy nearly approaching to pan^ 
Mas. Bui (if the law of the planets is ohferved) their orbits 
will not much decline from the plane of the eeliptie; and, fo 
far as I could hitherto obferve, the third cafe obtains ; for the 
comets do, indeed, chiefly frequent the zodiac, and fcarcely 
eter attain to a heliooentrie latitode of 40^, And that thejr 
move in oihits very nearly parabolical, I infer from their ve» 
locity ; for the velocity with which a parabola is defcribed 
is evLiy where to the velocity with which a comet or planet 
may be revolved about the fun in a. circle at the £une dif- 
tancein the fubdaplicake ratio of d to 1 (by cor. 7, prop. 16); 
and, by my computation, the velocity of comets is found to be 
much about the fame. I examindl the thing by inferring 
nearly the velocities from the diftances, and the diflances 
both from the parallaxes and the pheenomena of the tails, 
and never found the errors of exce& or defe^ in the veloci- 
ties greater thhn.what might have arofe from the errors in the 
dBfbinces coUe^ed afler that manner* But I likewife made 
ule oi the reafoning that follows. ' 

Suppoling the radius of the or bis ma gnus to be divided into i 
1000 parts : let the numbers in the firft column of the follow- 
ing table reprefent the diftance of the vertex of the parabda ! 
boat the fun's centre, e^prefled by thofe parts ; and a comet 
in the times expreffed in col. 2, will pafs from its perihelion 
to the furface of the fphere which is defcribed about the fun 
as a centre with the radius of the orbis magnus ; and in the 
limes expreffed in col. d» 4> and 6, it will donhle^ tripk;, and 
qaadn^k^ diat its dtftance from the. fnn. . 
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TABLE I. 



The time of a coinet'i paflage horn H» perihe. 
lionlo a diflnHe ftantlie fun equal io 



The ndii of 
the or Hi 
magnt$s. 



d. h. 

0 27 11 12 

27 16 07 
10|27 21 00 



2028 06 40 78 20 U 



40 



80 

l50 
320 

640 

1«80 

2560 



To its 
double. 



To its 
triple. 



d. h. 



77 16 28 

77 23 U 

78 06 84 



29 01 32 

30 13 25 



33 05 2() 
37 13 46 

37 09 49 



79 23 34 

82 04 56 



To its 
quadruple. 



d. h. 



d. h. 



142 17 14|219 17 30 



144 03 19n21 OS 54 



86 10 26[ 153 16 081232 12 20 

93 23 38 

105 01 28 

106 06 06 43hf7 03 46 



(U7 311:300 Of) 03 



7 



{This table^ here eonrei^, is nuide on the fuppofition that the 
earth'iB diurnal motion is jaft and the meafoie of on^ 
minote loofely 0,2909. in refpedl of the radius lOOO. If 

thofe meafures are taken true, the true numbers of the table 
will all come out lefs. But the difference, even whe|i 
greateft^ and to the quadruple of the earth's difianoe fion^ 
the fun^ amounts only to 56'.] 

The time of a k/sx^% ipff^ into the fphere of the orMi 
magnu»i or of its egrefr froiQ the fame, may be inferred nearly 

&om its paiallax^ bMt witb ^pre expedition b^ the following 
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l^ABLE II. 



The apparent 
elongation cf 
1 comet fton: 
til* fan. 


It« apptrent di 

nal rrotion m 
own orbit. 


ur- 
ito 


Iti dittanc« hom 
the earth in parti, 

WilClCUl 1 lie foUIUo 

of the orbis mag- 
nus contain* 1 000. 


• 


Oifeci. 


Retrog. 






S* 


18' 




20* 


1000 


65 


2 


33 


oo 


85 


845 


70. 


2 


55 


00 


57 


684 


72 


3 


07 


01 


09 


6l8 


74 


3 


23 


01 


26 


551 


76 


3 


43 


01 


4.j 


484 


78 


4 


JO 


02 


I.' 


416 


80 


4 


57 


02 




347 


82 


5 


4.5 


03 


47 


278 


84 


7 


18 


05 


20 


209 


8.6 


10 


27 


08 




140 


88 


18 


37 


16 


3D 


70 


I .90 


Infinite 


Infinite 


00 



The ingrefs of a comet into the fpbere of the orbis magnus, | 
or it8 ^grefs tVpm the fame, happens at the time of its elongac 
tioQ from the fun^ exprefled in col. againft its dhirnal mo- 
tion. So in the comet of \6S\,Jan, 4, O.S. the apparent 
diurnal motion in its orbit was about 3° 5', and the rorre- ^ 
fponding elongation 7 1 V > ^Qd the comet had acquired this 
elotigstioti from the fun Jan, 4, ahout fix in the eveniog. { 
AgaiDj ii^ the year 'l680> Nov. lU dijnrnal motion of the 
comet that then appeared was ahout 4V; and the corre- 
fponding elongation 79t happened Aor. 10, a little before 
midnight. Now at the times named thefe comets had arriv- , 
ed at an equal diltance irom.tbc lun with the earth, and the 
<ea]r^ w^s jthen ajmoft, in its perihelion. But the iirft table is 
•|^ted,to'the eartVs inleah'ciritance from'the fun tffluttied of 
1000 parts ; and tKis diftWrifee id 'gre^t^ by Aich an excels of ' 
fpacc as the earth might defcribe by its annual motion in one 
day's time, or the comet by its motion in l6 hours. To re- 
duce the comet to this mean diilance of 1000 parts, we add 
thofe 1 6 hours to the former time, and fubduA them from the 
latter ; and thus the former be^comes Jan. 4*. 10^. afUrnoon ; 
the latter ^'ov. 10, about fix in the morning. But firom the 
teuor and pro^reis of the diurnal motions it appears that both 
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comets were in conjun<$li6n with the fun between Dec, 7 and 
Dec. 8; and from thence to Jan. 4**. 10*». afteihioon on ooe 
fide, aod to Nov. 10^. 6^. of the morniog on the other, there 
are about £8 days. And fo many days (by Table 1) the 
motioDs in parabolic traje^ries do require. 

But though we have hitherto coniidered thofe comeU as 
two, yet, tiom the coincidence of their periheinjiis and agree- 
ment of their velocities, it is probable that in effeS: they 
were but one and the fame; and if fo, tlie orbit of this 
€X>met muii bave either been a parabola, or at leaft a conic 
fedlion very little differing from a parabola, and at its vertex 
almoll in contact with the furface of the fun. For (b}' Tab. 
2) thedifiauce ot the comet from the earth, iVor. 10, wasabout 
360 parts, and Jan. 4, about GdO. From which diftances, 
together with its longitudes and latitudes, ife infer the dil^ 
tance of the places in which the comet was at thole times to 
have been about 280: the half of which, viz. 140, is an or- 
dinate to the comet's orbit, cutting oi^' a portion of its axis 
nearly equal to the radius of the orbh magmt$, that is, to 
1000 parts. And, therefor^, dividing tlie fquare of the or- 
dinate 140 by 1000, the iegment of the axis, we find the iatus 
reBum 19,16, or in a round number 20; the fourth part where- 
of, 5 J is the diftance of the vertex of the orbit from the fun's 
centre. But the time correfponding to the diitance of 5 parts 
InTab. 1 \9%1^. Id^.?'* In whiGhtime,iftheoometmovedinapa» 
rabolic orbit, it would have been carried Irom its perihelion to 
the furliice ol the fphere of the orbh magnus defcribed with the 
radius 1000, and would have Ipent the double of that time, 
viz. 35**. Si^, in the whole courfe of its motion within tbatfpheie: 
and fo in fa6i it did; for from Nov. 10^. (>k. of the morning, 
the time ' of the comet's ingiefs into the Iphere of the orini 
magnus, to Jan. 4*. 10*. afternoon, the time of its egrefs 
from the fame, there are 55**. l6K The fmall difference of 
7^*. in this rude way of computing is to be negle<::ted, and 
f^hil^ Wy ai4ic»^Ui the coniet's motion 'being fome fmali 
ihatter OnW^; as It muft have been if the true 'orbit in which 
It wascarrMwas tfielfi{riGs. The middle tinye between iis 
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ingiefs -iXfid cgieis was December 8'^. of ihe mofning; and 
therefore at this time tlie comet ought to have been in its 
perihelion. And accordingly that very day, juft before fun- 
lifiDgji Haliey (at we faid) iaw the' taii ihort and breads 
but Y&y bright, rifing perpendicolarly from the horison. 
From the pofition of the tall it is certain that the comet had 
' then croiTed over the ecliptic, and got into north latitude, and 
therefore had paifed by its perihelion, which lajon the other 
fide of the ecliptic^ thongb it had not jel oowe into coiyuQc* 
taon with the fun ; and the comet [fee more of this famous 
comet, p. 27 '2 to 286, vol. 2] being at tliis time between its 
perihelion and its conjundiion with the iuu, muii have been 
in its perihelion a few hours hefim; for in fo near a di^AiKso 
from the fun it muft have been carried with great velocity, 
and have apparently de&ribed ahnoft half a degree every 
hour. 

By like computations I find that the comet of l6l8 entered 
the fphere of the orbi$ magma December 1, towards fun-(et« 
ting ; but its coojundion with the fun was Nov. 9# or lOj 
about 128 days intervening, as in the preceding comet; for 
from the fize of the tail of this, in which it was equal to the 
pceceding, it is probable that lliis comet likewife did coma 
almoit into a contain with the fun. Four comets were feen that 
yeaTj of which this was the laft. The fecond^ which made ita 
firft appearance October 3 1, in the neighbourhood of the rifing 
fun, and was foon after hid undei* the fun's rays, I fufpeiTt to have 
been the fame with the fourth^ which emerged out of the fun's 
rays about Nov, 9. To theCe we may add the comet of )(j07, 
which entered the fpheie of the orbis magnu$ Sep. 14, (XS. 
and arrived at its perihelion diilance from the fun about 
OBober 19> 35 days intervening. Its perihelion diflance 
fttbtended an apparent angle at the earth of about ^ degrees^ 
and was therefore of 390 parte. And to tJoiS' number ^f pprtp 
about 34 days eorrefpond in Tab. 1» Farther ; tbie>eoffiet cf 
1665 enter^ the fphere of the orhU magnus about March 17^ 
and came to its perihelion about Jlpril J 6, 30 days inters • 
vening. Its perihelion diiiiuiGe fubteodi^ ao«. <Magie at th^ 
earth of about feven degrees^ and therefore was of 122 parts; 
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' and mrsi^Mnv ^ numberof parts, in Tab. 1, we find 
30 da^rs. Again ; the comet of 1682 entered the fphere of 

the orbis magnm about Aug, 1 1, and arrived at its perihelion 
about Sep. iG, being then diftant from the fun by about 350 
part6j to wbichf in Tab. 1^ belong 33i days. Laflly; that 
memorable comet of BagimmmUmm, whicb 'in 147£ waa 
oanied through the circum-polar parts of our noitfaem 
hemifphere with fuch rapidit|p.as to defcribe 40 degrees in 
one day, entered the fphere of the orbis magnus Jan. 21, 
about the time that it was paffiog by the pole, and, iial^iuiig 
j&om thence towards the fun^ waa hid under the fan's rays about 
the end of Fe&. ; whence it la probable that 30 days, or a 
few more, were fpent between its ingrefs into the fphere of 
the orhis magnm and its perihelion. Nor did this comet 
truly move with more velocity than other cometsy but owed 
the greatnefs of its apparent Telocity to its paffing by the 
earth at a near diftance. 

It appears, then, that the velocity of comets (p. 2^8), fo far 
as it can be determined by thefe rude ways of computing, is 
that very velocity with which parabolas, or eliipfes near to 
parabolas, ought to be defcribed ; and therefore the difianod 
between a comet aand the fun being gi ven, the yelochy of the 
comet is nearly given. And hence aiifes this problem. 

PROBLEM. 

The relation betwixt the velocity of a comet afid its dijlanct 
from thefm*B unit^ hti$ig given, the comefi irajedoty m 
retired. 

If this problem was refolved, we (hould thence have a 
method of determining the trajedlories of comets to the 
greateft accuracy; for if that relation be twice aflumed> 
and firom thence the triget^ry be twice computed, and 
the error of each trajedory be found from obfiMrvations, 
the aflumption may be corre6led by the Rule of Falfe, and 
a third trajectory may thence be found that will exactly agree 
with the obfervations. And by determining the trajediories 
of comets after this method, we may comes at laft, to a more ' 
eza£i knowledge of the parts through which thofe bodies 
travel, of the velocities with which they are carried, what 
fort of traje&ories they defcribe, and what ace the true mag- 
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ottades and forms of their tails according to tbe Tariout dis- 
tances of their heads from the fun ; whether, after certain 
intervals oF lime, the fame comets do return again, and in 
what periods they complete their feveral revolutions. But 
the prohlem may be relblved by determining^ firft^ the hourly 
motioD of a comet to a giTen time from three or more obler* 
Tatlons^ and then deriving the traje^lory from this motion. 
And thus the invention of the trajedory, depending on one 
oblervation, and its hourly motion at the time of this obferv»- 
tion,willeither confirm or difprove itfelf; for the conchifionthat 
is drawn from the motion only of an honr or two and a falie 
hypothefis will never agree with the motions of the comets 
from beginning to end* The method of the whole compu- 
tation is this. ' 

LEMMA I. 

To cur two right Hne$ 0R» TP, given in pojitian, by a third 
right line UP, fo as TRP mat/ be a right an vie ; and, if 

anothtr right line is drauii to atii/ girrti point S, the 
Jblid contained, under this line SP, and the Jquare of the 
right tine OR terminated at a givet^ foiiU may be of a 
' gipen mognitude* c. . 

II is done by linear defcription thus. Let the given mag- 
nitude of Llic lohd be x N ; from any point r of the right 
line OR eie6t tlie perpendicular rp meeting TP in p. Then 
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M* X N 

tbiougb the poiot Sp draw the lioe Sq equal to — ^^>- • la 

like manner draw three or more right lines S2q, SSq, 8cc. ; 
and a regular line qSqSq drawu ihiougli all the points q2q3q, 
{LC will cut the right line TP in the point from which the 
perpendicular PR is to be lei fail. Q.£.F. 

By trigoQometry thoji. Aflbmtog the right line TP as 
found by the preceding method, the perpendiculars TR, SB, 
in the triangles 1 PU, TPS, will be tbeuce given ; and the 

M* X N 

fide SP in the triangle S13P, as well as the error — ■- — 

SP. Let this error* foppofe D, be to a new error, fuppofe E» 

as the error 2p2q ± 3p3q to the error 2p3p ; or as the error 
2p2q ± D to the error 2pP ; and ll)is new error added to or 
fubdu(Sted from the length TP, will g^ve the correct length 
TP ± £. The iofpeaioo of the figure will ihew whether we 
are to add or to fabtradl ; and if at any time there (hoM be 
life for a farther connexion, the operation may be repeated. 

By arithmetic thus. Let us fuppole the thing done, and 
let TP -I- e be the corredl length of the right line TP as 
foand out by delineation ; and thence.the correal lenglhi^ of 

TR 

the lines OR, BP, and SP, wiU be OR— BP + e, 

M*N 

•nd v^SP»+eBPe+ec = — ^^^^^ TK^' 

OK* + jp — jpree 

Whence, bv the method of converging feries, we have SP + 

BP SB* M»N 2TR M;;N sTR* 

sF^ + iSF ^ OR* TP ^ OR^ ® TP»^ 

gg^ ee, &c. For the given co-ethcienls ggj- SP, 

M*N BP STR* M*N SB* . « ^ P 

^ CkT - SP' TP". ^ OlF ~iSP^' P"**'°8^'G'cJH' 

F F 

and carefully obferving the figns, we find F + qC + 

ee 

ttSiO, and e + ^ = — G. Whence, negle^ng the very 
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SmaH term ^9 e comes tmt equd lo 6. If the eim 

e* . . G* 

g- is not defpicable^ take — G — H" ^* 

And it is to be obferred that here a general method is hmt- 
ed at for folving the more intricate fort of problems^ as well 
l>y tngonometry as by arithmetic, withoat thofe perplexed 
eomputattoas and refolutioos of affiedled equations which hi-« 
4heno have been in nfe. 

LEMMA II. 

2 o cut three right lines given in pojition by a fourth right line 
that Jhallpafi through a point ajfigned in any of the three, 
and fo u$iU imUrupttd parti Jkaii be ta a given ratio one t$ 
the other. 

Let ABj AC, BC, be the right lines given in pofition, and 

fuppofe D to be .the given point m the line AC. Parallel to 




AB draw DG meeting BC in G ; and, taking GF to BG in 
the given ratio, draw FD£ ; and FD will be to D£ as F6 to 
BG- Q.E.F, 

By trigonometiy thus. In the triangle CGD all the anglea 

and the fide CD are given, and from thence its remaining 
fides are found ; and irom the given ratios the lines GF and 
B£ are alfo given. 

iiEMMA III. 

To^tid amd reprefent by a linear defcrlptum the hourly motiom 

of. a eomet to any given time. 
From obfervations of the beft credit, let three longitudes of 
the comet be given^ and^ fuppo^ng ATE^ BIB, to be theii 
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differences, let the liourly motion be required to the time of 
the middle obfervation TR. By Lem. II, draw the right liae 
ASiB, fo as its iDtcrcepted parts AR^ Rfi^ may be as the 
times between the obfenrajtioos ; and if we fuppofe a body in 
the whole time to defcribe the whole line AB with an equal 




motion, and to be in the mean time viewed from the place T,' 
the apparent motion of that body about the point R will be 
nearly the fame with that of the comet at the time of the ob* 
fenrationTR. 

The fame more accurately. 

LetTa, Tb, be two longitudes given at a greater diftance on 
one iide and on the other; and^ by Lem, H. draw the right 
line ftRb as its intercepted! parts aR, Rb« may be as the 
times hetweeii die obfenrations aTR> RTb« Suppofe this to 
cut the lines TA^ TB, in D and E ; and becaufe the error of 
the inclination TRa increafes nearly in the duplicate ratio of 
the time between the obfervations, draw FRG, fo as either • 
the angle DRF may be to the angle ARF, or the Une 
DF to the line AF^ in the duplicate ratio of the whole time 
between the ohfervations aTB to the whole time hetween the 
obfervations ATB, and ufe the line thus found FG in place 
of the line AB found above. 

It will be convenient ihat the angles ATR^ RTB, aXA, 
9Tb> be no left than of ten or fifteen dc^jpneea^ the times coc- 
le^oodiBg no gmaloc than of eigbt or twelve diys, and the. 
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longitudes taken wheo the comet moves with the greateH ve- 
locity ; foribus the errors of the oblervationt will bear a lefr 
proportion to the differences of the longitudes* 

LEMMA IV. 
To find the longiiudnofa comet to any given times. . 

. Ills done by lakiug io the hue FG the didances Rr, H^, 

proportional to the times, and drawing the lines Trj Tf • The 

way of working by trigonometry is monifeft. 

lemma' V. 

To find the latitudes. 
On TF, TR, TG, as radiufes, at right angles eredl FP, IIP, 

Gg, tangents of the obl'erved latitudes; and parallel to f'g 

draw PH. The perpendiculars rp, jw, meeting PH, will be 

the tangents of the fooght latitudes to Tr and T^ as radiufes. 

PROBLEM 1. 

From the ajfumed ratio of the vt/ocii^ to determine tlie tra^ 

je&ory of a comet. 
Let S reprefent the fun ; ty T, r> three places of the earth 
m its orbit at ^oal dtilances ; p, m$ as many correfponding 




places of the comet in its trajedtory^ fo as the diftanoes inter* 
pofed betwixt place and place may anfwer to the motion of 

one hour ; pr, PR, ts^, perpendiculars let fall on the plane of 
the ecliptic, and rR^ the veilige of the trajedlory in this plane. 
JoinSp, SP^Sw,Sii,ST^ tr^TK, 7v»TPi and let tr,7Y« ^ 
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0, TR will nearly converge to the fane point ofUie error 

will be inconficlerable. By the premired lemmas the angles 
rOR, RO^, are given, as well as the ratios pr to tr, PR to TR, 
and to ro. The £gare tT^ is likewife given both in mag- 
nitude and pofition^ together with the. diftanoe ST, and t^ 
angles STR, PTR, STP. Let ns affume the velocity of the 
comet in the place P to be to the velocity of a planet revolved 
about the fun in a circle, at the fame diltance SP, as V to 1 ; 
and we {hall have a line pPv to be determined, of this condi- 
tion^ that the fpace pw^ defcribed by the oomet in two hooray 
may be to the fpace V x tr (that i8> to the fpace winch the 
earth defcribes in the fame time multiplied by the number V) 
in the Tubduplicate ratio ot* ST, the diftance of the earth 
^'om the fun, to SP, the diftance ot the comet from the fun ; 
and thai the fpace pP, defcribed by the comet in the iift 
honr, may he to the fpace P«> defcribed by the comet in the 
fecond hour, as the velocity in p to the velocity in P ; that is, 
in the fubduplicate ratio of the diftance SP to the diftance 
Sp, or in the ratio of 2Sp to SP +^pi for in this whole 
work I n<i^^ fmall fra^iona that can produce no feufible 
error* 

In the firft place, then, as mathematicians, in the refolution 
of affecSled equations, are wont, for the firft cffay, to affume 
the root by conjedlure, fo, in this analytical operation, I judge 
of the fought idiiiAnce TR as I beft can by conje^re. Thenj 
by Lem» IL I draw r^, firft fiippofing rR equal to R^, and 
agaio (after the ratio of SP to Sp is difcovered) (b as rR may 
be to Pi^ as 2SP to SP + Sp, and I find the ratios of the 
lines pu, r^, and OR, one to the other. Let M be to V x tr 
as OR to pw ; and becaofe the fquare of pw is to the fquare 
of V X tr as ST to SP, we fhall haye^ ex aquo, OK* to as 
ST to SP> and therefore the folid OR* x SP equal to the 
given folid x ST; whence (fuppofing the triangles STP, 
PTR, to be now placed in the fame plane) TR, TP^ SP, PR, 
will be given, by Lem, I. All this I do, firft by delineation 
in a nid^ and hafty way ; then by 'sl new delineation with 
greater care; and, laftly, by an arithmetical computation. 
Then I proceed to dcLcnninc the pofition of the lines r^, p«, 
with the greateft accuracy, together with the nodes^ and iiicli-- 

Vol, hi. G 
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natioQ of the plane Sp'm to the plane of the ecliptic ; and in 
dial plaae Spm I defer ibe the traje^iy in which a body ki 
go from the pla^ P in the dire^ion of the given right line p« 

would carried with a velocity that is to the velocity of tliti 
earth as p« to V x tr. Q.E.F. 

PROBLEM II. 
To cerreS ih$ jqfumed ratio of the tteloeity and the tm^eStory 

thence found* 

Take an obfervation of the comet about the end of its ap- 
pearance^ or any other obfervation at a very great dillance 
firom the obfervaiions ufed before, and find the interfe6lion of 
a fight line drawn to the comet, in that obfervation with the 
plane Spv, as well as the comet's- place in ils traje^oiy to the 
time of the obfervation. It tliat mterfe6lion happens in this 
place, it is aproof that the trajedlory was rightly determined ; 
if otherwife, a new number V is to be afTumed, and a new tra- 
je^ry to be found ; and then the place of the comet in this 
trajedoiy to the time of that probatory obf^nrvalioii, and the 
interfe6lion of aright line drawn to the comet with the plane 
of the traje<^^y> are to be determined as before ; and by com- 
paring the variation of the error with the variation of the 
other quantities^ we may conclude, by the Rule of Thiee^ 
how iiir thofe otW quantities ought to be varied or corre6M, 
fo as the error may become as fmall as poffible. And by 
ineans of thefe corre6lions we may have the trajedlory exadi- 
Ijf providing the obfervations upon which the computation 
was founded were exoA, and that we did not errmudi in the 
aiTumption of the quantity V ; for if we did, the operation i^ 
to be repeated till the trajedory is exadly enough determin- 
ed. Q.E.F. 



End of the %f m of the WMd. 



Digm^cj Ly GoOgI( 



SHORT COMMEJfT 

I 

ON 

SIR ISAAC NEWTON'S 

PRINCIPIA. 

CONTAlKlllO 

EXPLANATIONS OF SOME DIFnCmJT FLACEi 

IN 

THAT £XC£LL£NT WORK. 

J5y W. Emcrfon, 



G 2 



Digitized by Coogl 



J 



±HE Principia being a book which is uiii<^ 
verially read by all the world, that pretend to any 
degree of philofophical learning, it cannot be im* 
proper to explain fuch palTages therein as feem obfcure 
and difficult. For .although it is written in as clear 
a fty le as can be done in fo few words, yet, by realbn 
of its concifeneis, and the difficulty of the fubje^ 
treated on, many things occur which require fome 
&rthef explication, efpecially to young beginners. 

Accordingly, feveral mathematical writers have en- 
deavoured to explain fome parts or other of this 

Work, to make them intelligible to common readers, 
who, without fuch helps, would find it very difficult 
to get forward. 

The noble fubjects this work treats of being no lefs 
than the grand fabric of the world, and the whole 
fyiiem of nature, although comprifed in fo little a 
compals, makes it highly deferving of every iiluftra- 
tion that can be given it. 

6 S 
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The author has clearly flicwn in this work that all 
the bodies in the world are aduated by the univerfal 
principle of gravity ; which is this, tliat every body 
is attraded or impelled towards any other body by a 
force which is reciprocally as the fquare of the 
diftance of the two bodies. On this univerfal prin- 
ciple he Ihews that the motions of all the great bodies 
in the world are founded. 

Several men had written fyftems of Philofophy be- 
fore Sir Ifaac ; but, from their ignorance of natare^ 
none of them could ftand the teft. But his Princi* 
pks being built uppn the unerring foundation of ob- 
fervations and experiments, mull necelTarily ftaud 
good, till the diflblution of nature itfelf. 

This little Treatife was written many years fince ; 
for when I ftudied the Principia, L was frequently 
at a fiop, which obliged me to make calculations 
here and there as I went on ^ and, when I had done, 
1 fet them down as notes upon thefe places ; wherein 
I only meddled with thofe places that appeared diffi- 
cult to me. Thefe notes coUeded together are the 
fubjed of the following Comment; and I. have re- 
vifed the whole, and added feveral things that feemed 
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wanting. Yet I believe there are fomc things ftill • 
behind, which are not fufficiently explained by any 
commentator, and efpecially fuch as are there laid 
down without their demonftrations. 

As nobody is reckoned a pbilofopher that does not 
read the Principia, therefore I thought proper to 
publiih this fmall Tra6i^ fuppoiing that it may be 
ufeful to others that have a deiire to read that cele- 
brated Work. What I have farther to mention is 
this : the paflages referred to, and which are to be 
explained, are not taken from the Latin edition, 
which would not fuit the Englilh reader ; but froip. 
Matte's tranflation, and from the. firft edition thereo^^ 
if there happen to be more. 

Emerfim. 
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ADVERTISEMENT. 

Befides the common Algebraic chara^rs which 
are m ufe, I make ufe of this a, which figniiies a 
proportion. Thus A a BC, fignifies that A is in a 
conftant ratio to BC, or that A is as BC. 



Digitized by Google 



SHOUT COMMEOT, 




to the laws. And therefore if the weight p 
is to the weight A, &c.] For p will have the fame efie«5i as 
P, if p : P : : pH X OL : pN X perpendicular from O on pN, 
And P : A : : (by what went before) KG : OL. Thereioie, 
eir equo, if p and A are in equilibrio^ it will be p : A : : pH 
X KO : pN X perpendicular firom O on pN. Note, the hne 
pN ought to be drawn in fig. 2, and not PL. 

^Cor. 4, ib.] This is demonftrated in KeiFs Introdu(^oo^ 
Iheor.^; asUkewife in lem. 23, p. 86^ of this Work. 

[Ib«p. 90,fubfinem; hat the diftance between theietwo 
centres,] that is, between the centre of the two, and the cen- 
tre of all the reft. Farthciv, the actions of all the bodies may 
be confidered as tlie fum of the a<Slions of every two ; and 
then the cafe wiU be plain. 

[Sch. to cor. 6> p. 2S, then will ST lepiefent] For. if 
RV = retaidation of defcribing SRA + 2VA, ST will be the 
retardation of defcribing J of that, or ^RV + |VA, that is, 
SA or TA ; and therefore the body falling from S in the air, 
or from T ia vacuo, will have, nearly, the lame velocity in 
A ; the iame of sA or tA; for afoending to s in the air^ or 
afcending to t (or defcending from t to A) m vacuo has the 
iame velocity in A. 

[Ib. p. 27, hut if they are turned afide by the interpofitionj 
This is plain by prop. 16, Mechanics. ' 

[Ib. And in Ukemanneo &c.] By the fame prop, as be- 
fore. 
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90 * , K SHORT COUMSHT 

BOOK I. 

SECTION I. 

[Lcm. 10.] For let AE be divided into an infinite number 
of equal parts, any part, as D , X by the velocity acquired ia 
the time AD (that is, B x DB), is as the fpace defcrihed ia 
that little part of time \3f (ibr the fpaces are as the tim^ x 
by the velodties) ; and the fam of all tbefe produ6b or areas, 
that is, the areas ADB, AEC, are as the whole fpaces de- 
fcril)ed in the times AD, AE; but thefe areas are as AD^ and 
. AES by lem. 9- 

[lb. cor. 1. — to the bodies, and meafared — ] that is, 
and the faid errors meafared by the difboces of the bo-> 
dies, &c, 

[Lem. 11, have a finite curvature.] Thefc words exclude 
thoic curves wiiuie radius of curvature is iniinitely fmail» or 
in^oiteiy great, 

[£b. fchol.] All this may be vniyerfally demonftrated a^ 
ter this manner. Let AB, AF (Fig. ]), be two paraboloids. 
Let lalui rccium of AF = a, of AB = b, AC = z, 
AE = X, CB, EF, or AD = y. And let m be any affir- 
mative index, and fuppofe a'^x = y°^ + And b"* 4* "z = 

ml tn ^ n 

y« + " + Then -z-rr^ - ^ = y = r — ^ , ^ ^ x 

And by invohition, a« x.» + » + «x«+» + * =5 

b° + " X ia + « +. ' . And, therefore, a*"* + + tn 
: b»» + ~ + »+«:: + * : x» + Bat, becaafe x is infi- 
nitely fmall, therefore' when n is affirmative, thefirft term is 

infinitely lefs than the fecond ; and, therefore, + * is infi- 
nitely IclTer than x" 4- * ; but if n is negative, the fii*ft term is 
infinitely greater than the fecond (Fig. 1), and, therefore, 
2^ + ' is infinitely greater than x"^ -f % or z than x ; that is, 
in cafe the firft DB is infinitely lefs, and in oafe the fecond 
infinitely greater than DF. Bnt DB, DF, are afl^the cnnra- 
tures of AB, AF, therefore, &c. 

SECTION IL 

[Pr. 1, cor. 4, as the verfed fines, of arcs] (Fig. 2) de- 
fcrihed in equal times^ tending to the centre of .force, and 
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We€t the cliords ; let AB == BC, and Bd be ± to AC, then 

Ad z: dC. And when the arc AC isdiminiQied to infinity, 
e coincides with d ; and conlequently Ae — eC, or BeS 
bife^ls the chord AC. Complete the parallelogram ABCf, 
and eB =: f f B. ^ ote. — He calls that the verfed line of an 
arc which is commoolj called the verfed fine of half that 
arc. 

^ velo.* vel.* X rad. 

[Pr, 4, cor. 2.J For the forces a " '^^ " • — oc 

p times* ^ all the other corollaries (except the laft) depend 
on this. 

[lb. cor 8.] Let R r: radius of cnrvatnre^ D = diftance 
from the centre of force. Then will the p. time a R" a 
(by fimilar poiition), and the areas «e velocities « R^^-** oc 

D«^— And therefore the force a ]gtS3j ; and the contrary. 

[Ibid, cor. 9.] Take the arc Bd infinitely fmall, and let 
BF be delcribed by the revolving body (Fig. 3). in the fame 
time that a body fails from B to £ by an uniform cealripetal 
force which it has at B ; then, cd is the fpace fallen in the 
time of defcribing Bd. Bat Cd or Bn : BE : : (as the fquares 

pji BP* 

of the times^ that is^ as) Bd* : BP : : : -^jj^* Biit Bn 

Bd* BF' 
5: -gj- Therefore BE = -gj-. And BE : BF ; BA ir. 

[lb. fchoh as the fquare of the length applied to the radins ;] 
for the number of reflections is a rdocity or length diredtly, 

and the radius reciprocally. 

[ Pr. 7, cor. 2, in the fame periodical time] Let ac be J 
to RP, and da || to PS (Fig. 4). Then if the periodic times, 
be eqnalj the areas generated in a given infinitely fmall time 
)BQft be equal, that is, the velocitl^ round R and S mnft be 
reciprocally as (the ±s on PG from R and S, that is, as) RP 
and SG. And fuppofing a, c, d, to coincide in P, tlie force 
round R to the force round S is in the complicate ratio o( 
(of ac to ad^ or) SG to SP,^ and the fquares of the times of 
defcribing a given, arc^ that is reciprocally as the fquares 
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of the velocities, that is, as SG^ to RP% Therefore the force 
roand R to the force roand S : : is as SG^ to SP X RP^ 

when the periodical tilnes are equal. 

.Or thus : let p be the phiee of the body when the tangent 

pg is II to the lioe RS. Then the velocities round R and 

ill the place p, will he equal ; for the fmall areas aiie equal, 

and their heights are equal, hy reafon of the parallels RS, 

pg. Draw TV, tv, and then by fimilar triangles Sp' x pv* 

=: Sg' X pt^ And SP^ X PV^ zz SG^ X PP. Then hy 

this prop, force round S, in P : force round in p : : bp* X 

■ Sg^ X pt^ SG^ X PT» 

pv^ or o / : SP* X PV^ or stt • 

Sp 

And force round in p : force round R, in p : : Sp : Hp 

or Sg. 

Alio force round R, in p : force round R, in P : : HP* X PT* 
: Rp* X pt^ or Sg* X pt^ : : ex equo, force round S, in P ; force 

round R,in P : : RP* x PT' : ' ' — : : SP X RP* : SG'. 

[Cor. 3, in the fame periodic time] for then the mfinitely 

fmall and equal areas will be defcribed in equal times in P, 

and both thele areas and the forces will be the fame as in a 

circle of the fame curvature with the orbit at P, and therefore 

the forces are the fame as in the foregoing corol. 

, [Pr. 8, fch.] let ApD (Fig. 5) he an ellipfis> AV a eifde. 

Then m : Rn : : (pm : Pm : :) qn : Qu. And by divifion, 

qr : QR : : (qn : Qn : :) CD ; CA. The force in the ellipfis 

^ S> . r . QRx CD\ 
oe -2 — ^ reciprocally = (becauie qr = j 

QTvxjCA X Sp* _ OP _ gPm^ gPm^xS p* 

QR xCD " CtJecaule - J ^ ^ ^ 

= (becaufePm-= '^'^l'^,?'' ) "P"' ^ Theie- 

fore (becaufe CA, Sp, and CD are given) the force in the ellip* 
iia is « pm' reciprocally. But in the hyperhola and paraboh^ 
(where CA is negative or infinite) thefb lines are ilill given^ 
{tnd therefore the Ibrcc in any conic iectiou is reciprocally 
mp'. 

[Pr. 9> will be changed — ^] that is Qg" is every where the 
fame ratio, viz. a SP, 
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[lb. fecond way]. For PV is (by reafon of the given angle 
at P) as the radius of curvature, that is (by reaibu of the fimi- 
larity of the parts of tlie figure PQ), as SP. 
' [Prop. 10, ieco nd way. Acid the rectangle uPv] for Qv* 
+ uPv = Qv* + TP + Tv X TP — Tv = Qv* + TP»— 
Tv* =Qr+TP»= fquareof the choxd QP; and PvXuV+ 
uPv=VPv. 

And if the hne QV be drawn, and a circle through the 
points PQV j the triangles PQv and PQV will be iimilar (the 
<QVP being = QPR zz PQv), and tberefoie Pv : PQ : 

[Prop. 10, fcb. in the ratio of the diilanceB from the cenUe] 

for tlie fluxion of the urdinates is augmented or dnniaiflied in 
the fame ratio, apd (hat is as the force. 

SECTION III. 
£Pfop. IS, cor. ft]. For, in the denonftrations of prop. } 1, ' 
Id, and 13, QT* b always equal to QR x httuBre&um* 

[Prop. 16, cor.] The fourfirft corollaries are general, and 
agree to all conic fe(Slions ; the iixth coroUaiy belongs to. one 
and the fame parabola. 

[lb. cor. 6, it is more variable] that is, ih the dlipfis, the 
ratio of the velocity at a lefr and greateir diiUnoe is g^'eater 
than the ratio of the fqaare roots of the greater and leffer dif- 
tance : in the hyperbola it is greater; for the ratio of the 
greater and lefTer perpendiculars (which is the fame witli this 
ratio of the velocities) is greater than the ratio of the fquare 
roots of the greater and leffi^ in the cilhpfis, and le^er. 

than it in the hyperbola ; fbr in the ellipfis the perpendiculars 
in the greateft and leaft diifUnces are the fame with thefe dif- 
tances; and in the hyperbola the greatefl perpendicular 
poiTible is that from the focus on the afymptote, and the leail 
thediftance to the vertex ; alfo (by Conies, prop. 124, eliip&s) 

/SP 

the peipeudicular SY « v (Fig. s, fee alfo cor. 7). 

[Prop. 17, yet greater velocity] then PH (and PK) will be 
negative. 

[lb. cor. 2] (Fig. 5) The velocity in a circle is = velocity 
acqnixed by fallkig. throt^h |DS, by the given centripetal 
force. 
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SECTION IV. 
[Prop. 18, 19* 50.] Two given points or right lines. 

[Prop. 20, cale 4. But becaule of the iimilar triangles 
VSH, V6h] 5 for (by fimilar As, SVP, shq) SV : SP : : sh : sq 
: : (by fimilar wh, spq) sv : sp. And by the fim^ar As 
SHP,shp)SP:SH::^:8h; ffgoSV : SH : :8V :«h ; and 
the angle VSH = psq — vsb. 

[Prop, ai] three — iiiies. If three tangents be given, you have 
three points from which three equal right lines as YU are 
to be drawn to by cafe 3 of the kft lemma. If two tangents 
and a point P, there will be given two points from which 
two equal lines are to be drawn to the focus and a third 
point P, from which PH is to be drawn ; by cafe 2, lem. 
In the hyperbola, it is PH YH = SP* If three points P 
be given, it is done by cafe 1, lem. 16* 

SECTION V. 

[Lem. 17, in given angles] each to each refpe6lively in 
llie lame invariable ailgle, though they are not all equal. 

[Lem. 18, and ib (by fuppofition) — ] for p and b are in the 
cnrve, and the redanglesof the Unes from p and P are in the 
given ratio. 

[Ib. fch. if p happens to be in a right line] For if rpq : 
spt : : RPQ : SPT ; and P be placed in pB ; then by fimilar 
triangles pq : PQ : : (pB : PB : :) pt : PT (Fig. 6) ; and rp : 
RP : : (Cp : CP : :) ps : PS. And by multiplying ypti have 
rpq : RPQ : : spt : SPT ; which agrees with thelemiha. Bae 
if P is placed out of pB, as at n; then becanfe tW ratio 

RiiQ - u l^PQ ' ' \n ^ rpq 

IS greater than ^p^, It IS alfo greater than ^9 wbidi 

IS againil the hypothcfis (Fig. 6). 

« If p is placed in BC, then rpq will be = 0, and therefor^ 
RPQ = O; and P will alfo be placed in DC. 

[Ib. If the two oppofilc angles] (Fig. 7) The As PGR, 
PBT are fimilar, for the angles at S and T are right, and C 
=: B, being on the lame arc PD ; therefore PR : PC : : PT 
: PB ; and the triangles PBQ and SCP are hmUar, for the 
angles at S^ Qar^ right, and SCP = PBA; therefoi^ PC : 
TC : : PB : PQ J and, ex equo, PR x FU =^ PS x PTj 
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and, e tmOr^, if PR x PQ = PS x PT, the locus of dit 
ppintPisaoiicle. 

And if thefe liacs are not perpendicular^ yet, tince their 
lengths will be reciprocally as the fines of the angles, it will 
follow that PQ X PR : PS X PI : : line of S X S of T line 
of Q X fine of B., and the contrary. 

[lb. and one or two] (Fig. 8) If the point B be fuppoled 
to inove towards A, and at laft to coincide with i%, ib that AB 
become a tangent at A, the Icuima will ftill hold. And if B 
pafs beyond A, then the figure will be converted into this 
B£CI>£AB; the lemma will llill hold as before: and if 
B nKnre to an infinite diftatice» then DB, AB will be paialleis ; 
and C alfi^ then DC, AC will alio be parallel ; and alfo 
the conic fe^Hon paffing through A and D will pafs on inE* 
niteJy towards C and B. 

[JLem. 19.] This may be i^ibived as prob. IS, in the 
Unaterfal Arilhmetic. 

[Lem. SO.] Here is another figure relating to this km ma 
(Fig. 9). • 

[Lem. 21. Therefore (by lem. 20) the point D] for the 
angles CPR, BPT, CPB are given, and therefore the lines 
PT> PR. (to which the iides AQ, AS of the parallelogram bx^ 
parallel) are given by pofition (See fig. above). - 

Here ia another figure of lem. 21 (Fig. 10). This lemma is 
the fame with prob. 53, of the Univerfal Arithmetic. 

[Prop. 22.] (Fig. 11) This is the fame with prob. 55, in 
the author's Lniverfal Arithmetic, 

[Prop. 23, cale 1.] This is the fame with prob. 56, of the 
Univerial Arithmetic, or prob. 57* 

[Prop. 23 ( Fig. 1 1 ), cafe 2. HA* will become to AI*] for let 

u be a point in the conic fe(5lion infinitely near a, through both 

which the line ih pafles; then ih is a tangent at a. Then 

(cor. 4, prop. 44^ U I. my (Clonics) it will be, bgd : bhd : : pgc 

- bhd X pj;e , , . . • . i 

: xny =: r — p — > i"id una, or na* : lau, or la* : : xiiy, or 

bhd X pgc _ - , . . , , ' 

- bgd * P*® • • ^ PS*^ • P*^ ^ "S**- 

[Prop. 24, — will (by the properties of the conic fe6lions)] 
(Fig. 12) becaufe any tangent may be fuppofed to cut the 
curve in two points infinitely near each other, therefore 
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(by cor. 4, prop. 44, b, f . Eilipfis) tbefe proportions follow. 
Alio draw kvv || to ga, to interlect pg, and let nk^ =: tkw. 
Then tkw or nk^ : hu* : : dkb : bbd ; : kr* : hr*. And nk : ha 
: : kr : br. And n, a, fall in one rigbl Une. Again, kn : 
ga : : kj^ : gp* ; and kn : gn ; : kp : gp. Wheobe n, a faU 
in one rigbt line. And therefore the points p, r, a, are in one 
right line. 

[Lem. 22. Thus any right lines conver<ring] I^t the 
luies be kgy kh (Fig. 13). Draw Ob, Oel), and pe || to nB. 
Let q» be the projeiSied points of f and h. Then (becaufe 
in the point B, OB = OP) mn (or Bn — Bm) = fr. Alfo 
qp (or ep — eq) : hg (or Dg — Dh) : : Oe : OD : : AB : AD 
: : fr, or um ; hg. Therefoi e q[) — mn, therefore pu, qiii 
(which are the projected lines of gr, hf), aie parallel. 

[lb. we (liall have the folution required]. (Fig. iS) For the 
figure hgi fuppofed now to be given, may be transformed in* 
to the firft figure HGI, by making as Od to dg, fo is OD to 
DG parallel to the radius AO. 

[lb. For as ollvn as two conic lections] For thefe conic 
fedtions being transtormed into limpler ones, give the point of 
interfe<^on ; and thereby is had an ordinate drawn from that 
point of interfe<^ton in the transformed carves, eonefponding 
to the interfe^ion of the given curves. 

[Prop. 25.] L(H KG,KH, bc(Fig. 14) two tangents meeting 
in K,yx the third tangent meeting ba in y. I^t the lines KH» 
KG, be projected in ki, Ih ; andyb, yx,iDto kl, ib; then joa 
have the parallelogram hikl ; then proceed according to the 
propoiition. 

[lb. For by the properties of the conic felons] (by cor. 4, 
prop. 44, Conies 1). 

[lb. But according as the points.] (Fig. 15) This is plain 
from the nature of the eilipfis and (Fig. ] 6) hyperbola ; and 
the figure cannot be. a parabola^ by reafon of two paiallel 
tangents ih and kl. 

[Lem. 23.] The lemma is univerfal, as will appear by ap- 
plying the demonftration to this figure 17. 

[Lem. C4, from the nature of the conic fcclions] (by prop. 
46, b. I. of my Conic Sedions). 
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[lb. oor. 1.] This holds as well (Fig. 18) when the tan- 
gent FG is on the other fide. 

[Lem. 25 f alfo KH is to HL] (by cor. 1, lem. 24) for the 
I tangents Fti^ LHj cat the parallel tangents ML, IK^ in P 
: and K. 

I [Lem. 25, oor. 2.] This (Fig. IQ) holds as well when qe is 

on the other fide of the figure; for in all cafes (by cor. 1) 
KQ X ME is given wherever the points Q, E fall, as fuppofe 
in e ^ for (by cor. 1, lem. 24) Bq : AM, or BK : : el : eM ; 
and, by divifion, Kq : BK : : MI : eM. And Kq X eM = 
BK X MI (by the prop.) KQ x ME; and KQ: Me : : 
(Kq : M£ : :) Qq : Ee. 

[lb, cor. 3.] for fince eM : ME : : QK : Kq ; therefore (by . 
lemma 23) if the right lines eQ, MK, and Eq, be drawn^ 
the points of bifedion will be placed in a right line given in 
portion. 

[Prop. 27^ fchrdefcribe the cinile BKGC] for the angle 

BK€ (which is equal to the fum of the given angles PBK and 
KCP) is always given. 

[lb. and when thofe other legs CK, BK] For it muii; be 
obferved, that when the lines BP^ CP^ touch the'corve at an 
infinite difiance> that thefe lines are parallel to one another, 
and to the afymptote. Then, to know the polition of the 
afymplote, as the lines Bk, Ck revolve round the circle, the 
interle^lion k will fometimes fall into the line MN, as at the 
point N ; then BN is parallel to one afymptote ; for the inter-' . 
ie^ion muft neceflarily fall in the line M N» And for the fame 
leafon the line BM will be parallel to the other afymptote. 
And, therefore, if the angle between them be bifedled by the • 
line OH (vv Inch is done by the perp. OH)j then that line is 
the greater axis, or parallel to it. 

£lb. fch. But the fquares of the axes] For the angle NBM 
:r angle between the afymptotes = NLM> and NLH =: half 
the angle of the afymptotes. Therefore LH is to HN as the 
tranfverfe to the conjugate. And the fquares of thefe axes 
are as LfP to HN*, or as HN* to HK% that is, as LH to HK. 

[ib. There are aUb other lemmas] For if the felons (Fig. 
€0) are fimilar> and in fimilar pofition^ and ^ncentric^i the • 

Vol.. Ill, H 
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tfuagent acb iac k paraUel to tdngciDl.dxe i« and ihere* 
fbre ftb the ordinate is bifed^ed in c the poini of ooataf^* 
[Lem. 9^, cor.] This is the fame with prob. 92, oC At 

Unived'al Arithmetic. 

[Lem. 27, cor. in the conftrudion] for then IH : HF : : 
(iX : XY : :) ih : hf. And IH : HG : : (iL : : :) ih : 
hg. Or, if it he made as iL : : LM : : IH : UG, k will be ih : 
faf : : IH : HF; therefore, on the contrary, if it be 
ih : hf : : (iE : £V : : iX : XY : :) IH : HF, it will be iL \ 
LM ; : IH : HG, which comes to the lonner coiillruciion. 
For the folution of prop. 22, 23, 24, 25, 26, 27* fee prop. 70, 
71> 712, 73, 74, 75, b. Hf. my Conic Seaions« 

[Prop. 29, fch.] Make alfo KA to AS (Fig. 21), and LT 
to AT, as HG to GF, and draw iMS, NA. Then the figures 
SAKM and ATLN are fi uii la i to FGHI; and fince three of the 
angles S, A, K, or A, T, L, are in the proper hnes CB, ED, 
DB, if the fourth angle M or ^ was in the fourth line £C, 
the problem wpnld be rightly conftrinSM. Therefore it is 
plain its place can be no where but where the line MN in^ 
terfectsj EC, as at i, which is the place of the angle L 

Now we are to prove that PQ cuts BA in f, where F is to be 
placed. I'he triangle FGl is fimilar to PEi (by conllruction), 
and fuppofe them, fimilar to %i ; then the triangles Pfi and 
Egi are alio fimilar; for the angles at i are equal, aiid the 
fides about thefe angles proportional; therefgre the angle 
Egi = l^'i ; and iliice goi = Qof, oQf or PQE will ben fig. 
So that to have fig fimilar to FIG, PQFmiift interfe<i;t in 
Q, to make the < PQ£=FiG ; and the red ibllows of courfe. 

SECTION VI. 

[Prop. 30, cor. 1 J For-tbe times are as the areasji that is>, 
as ^G H X AS to I X AS X 2AS. 

[lb. eor. 2.] i^br wherever the point P falls, viz. infinitely 
near A, ftill ^GH x AS (= area APS) = |AP x AS. And 
8GH = 3AP. Therefore GH or the velocity of H : AP^ 
or the velocity of P : : 3 : 8. But the velocity of H is every 
where the fame, for always ^H x AS = area ASP. And 
Gil oc ASP a time of delcribiug AP. 
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[Ibk oor. 5.] For A Fit the chord of a circle pafliug llirough 
S, Py and whofe centre is H. 

[Prop. 31, as GK the difference] For when F comes to 
touch the line GH, the point A will be diilant towards G- 
bom the line FQ)0(wIuch will then be ± to.GH) by the Aoe 
of AOS. oi> AOQ, and is then at L ; therefore GK = arc 
GP— fine of the arc AQ. And GK is as the time, and 

fo it was, in the con{lr4|<aion.i therefore the point P is rightly 

found. 

[lb. fchoU but ance] This is demonftrated in Keil's Aftron. 
Leanres, p. 289, 297 (Fig, 22), or tfans : Let AON = N 

(Fig. 23). Since (AB : SH : :) OQ : OS : : 57,29578 : B, 

therefore B = OS in degrees of the circle AQ. And fince 

(rad. : fine of AOQ : :) SO : SF : : B : D, then will SF = D 

ia degrees. Let q be the true place of tbe^ body ; the af- 

fumed place. Now.iinoe the time is as the rnaSAQ = OAQ 

OA 

+ SOQ = OA + SF X — ; therefore ^he time is as 

AQ± SF; and, therefore, nearly as AQ ± D, but accu- 
rately as Aq ± SE. TakeN0 = D. NowO£:OQ::(LE 
or SE — SFor) Nq ± ]^<p, or q0 or Q/^ — qQ : Qq. And 
Q0 : Qq : : QE : OQ, by coropofitton, and becaufe QE = 

Oft± 0£. But> by ooBftruaion, OQ = 91JL1i. And rad. 

R 

(R) : cof. of AOQ : : SO : OF or OE, therefore OE = 

SO X cof. \OQ , OS X L 
g-: — ^« Wherefore Q(p : Qq : : (QE =) Z 

. SOx cof. AQ, OS X L r ^ r T 
X ^ — - — : — - — : : L±cof. AQ: L. ButN— 

AOQ + D = (AN — AQ + N(p =) Q0. Therefore Qq 
= E, and AOq = AOQ + QOq = AOQ + E, nearly; 
and therefore E is rightly found. And, repealing the 
fame work with thefe new angles, there will be found the 
angles F, G, H, I. 

[lb. the area AlKP will be given] (Fig, ?3) by prop. 87, 
cor 2, and ibh5^. my Conic Scaibnisj .b. U. AUb AIKP =: 
OPA, by cor. 1, prop. 86, ib. ' 

Ha 
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Alfo area defcribed = ASQ = ASP + PSQ = ASP + 
PQ X iSN (nearly) = A (by fappoiition) ; therefore A — 

— 2ASP 

ASP = |SN X PQ; and PQ = gjj J nearly. 

[lb. and by fuch computations.— Bat the particular (Fig. 
24) calculus] vvith the radms 1 and centre H delcribe the cir- 
cle RSE; and draw SP, Sp, HPT, Hpf. Let fall the per- 
pendiculars pt, pu, upon the lines HP, SP ; which will be 
equal, becaufe the angles pPt (HPB) and pPn are equal. 

Let the arc RT = z, fine TQ = s, cof. HQ = x, SP 
s= y, HP = V, AO or OB = a, SO or OH = n, OD = c, 
T =: mean anomaly, 1 zz latin redum. 

By fimilar feaois, HT (t) : HP (v) : : Tf (z) : pt or pn = 
ti. And the aiea 5L^=iL^ = fluxion of BPS. Bat 

(cor. 2, prop. £3, ellipfis) vy = cc + ~ X PM*, and (cor. 

^ cc 

CO 

S> prop. 72, ib.) HPor v = — ; 5 and rad. (0 : PH 

( — : : 8 : PM =s » therefore, vy^ =: cc + 

+ nx/ a + nx 

' nnccss , or» t • Innccssz . • 

and area SPp =: |ccz + — 7— o— = tccz + 

a + nx* aa + 2anx, &c. 

cc 



nnccssz ttt^xz^ Butsz=: — x,andx2 =8, and — 
2aa a' ' 

' - • innlsx nMsss 

- l\ ; theiefore the area SPp = Jala —9 

andthe liuent B§P = — — — x area LHQT — 

and, correaed, BSP = ^ + ^Vx aiea RTQ - 

Innl 

But RTQ = fz — ixs. Whence BSP = Jalz + ~ X 

• a 

; — - n'ls' Saa + nn , nnls ax ns» 
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8nn8 ax nss _ , 

anomaly. Whence z = T + ^^^^^ X S.2T + 
4n' 



- X S.T% becaufe T is nearly = z. and £3qs zs 

6a^ + 3ann 

S.2T. But fince n is very fmall by fuppoiitioD, z = T + 

— X S.tfP +^ X S3»* Wliere the quantities ^ x 
4aa Sa' ^ . 4aa 

— .3 

S.€r>and^ X S.Tt are fmall arcs to be added to T. 



NowD = c — — s-x a — c; andD x AO -f OD = 

a a 



cnn 



— X aa — cc = = nn nearly^ becaufe c =: a^ very near, 

a a • ■ 

Tberefoxe 8.Y ; rad. (l) : : nil : 4aa^ aods^Y or. Y (in fmall 

arcs) = ^ ! alfbV:Y::ST:rad.(l), andV =: Y X 

^ 4aa ^ ^ " . . . 

S.^ r= X S.2T> which is our firfl term, or bis £rii 
4aa • ' 

•qiiation. « 

4nc J J 

Agam; S.Z :rad.(l): : 4DD,or ~- X a— .c:SAO^or 



a 



4nc 



and SJZ = r x a — c. But a + cxa— c's: aa — cc 
3a? 

= nn . and a — c = ■ = ^ nearly ; therefore S,Z s 
* . a -I- c 2a • . 

4nc nn 2n^c , ..^ - ^^w, , - ^ 

^x^ = ^ = 5^:3» nwly. .AlfoX:Z::S.r:wd.(l). 

And X = Z X S?r^ =1^ X S!T^> which is the fecond term, 

3a'- * 

or his l^cond equation. And when T is above 90^ then S.flT 

and V wiU be negative, and <BHP = T + X ± V. 

He caDs Y or die gieateft firft equation^ becanfe it ig 

4aA * 

gr^teii when S«2T =: I, andT s: 46''^ and Z or — , the 

H3 
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greateft feoond equation^ becaufe the greateft it can be b wben 

= 1, orT = 90'. 

SECTION VII. 

[Prop. SS, to AB the priDcipal femi-diameter] this ihould 
befAB. ' 

[lb. cor. 2] for thetwoiirft terms of the prop, ttie in aratio 
of equality, and fo the two laft. 

[Prop. 34. For (by cor. 7, prop. iG)], and cor. 6, prop. 4. 

[Prop, 35. The fame things fuppofed] to wit, that the ipaee 
CS is aa the area SD£ of the circle^ xe^hingled hyperbola, or 
parabola. 

[Prop. 37, as appears by prop. 34] and cor. 7, prop. 16. 

[Prop. 38, acquire the velocity CD] (Fig. 25) by prop. 10, 
cor. 2. The periodical times of the ellipl'es AD and AP arc 
equal. The time of defcribing AP is (as APS, that is, as AB6 
or) as AB. Let tfaeellipfisAP cobcideimth AC, aadthe 
time of defcribing AC wHl ilill be as AD. Farther; draw 
cd II to CD ; becaufe the time of defcribing the whole ellipfcs 
ADd, APp, are equal, therefore in equal times they defcribe 
areas which are as the whole ellipfes, that is, as CD to CP, 
or ADS to APS. Wherefore in the time D defcribes AD or 
Dd, P defcribes AP or Pp, and (when P coincides with C) 
C defcribes AC or Cc ; therefore the velocity of D : to velo- 
city of C : : is as Dd : Cc : : or as SD to CD ; but SD and 
the velocity of D is given ; therefore the velocity of C is 
as CD. 

[Prop. 39, cor. 2, 3l] In tbefe-cor. the lioe PD is the fpace 
the body would afcend to, or fall from (to acquire the velo- 
city it is projeded with), by a uniform centripetal force, ac- 
cordiog to cor. 1. 

SECTION viir. 

[Prop. 40, cor. ].] This is -evident, by fuppofing ITK 
convex towards C. 

[lb. cor. C] For by fluxions, let AC = P, CD = A = x 
(Fig. 26). Then DG a x"* — « (by hyp. and prop. 39), and 

D£F6 = fluxion of the ana oe ac* *x. And the area 

V 
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SQiG a And when x beomes s: die area AChB 



n 



« — • Therefore APGB oc ^- • Aod^ therefore, bjr 

prop. 39^ the velocity in at the diilan.ce A or is cc 



y/^— jj— or (becaafe n is given; and x t= A) as \/P" — A*. 

N. B. If the force is reciprocally as the diftance, the curve 

BGh will be a ledbngled hyperbola to the afymptotes AC, 

1 bb 
Ch; for DG a ^ = (fappofe to) And ©G X CJ> 

r= bb, which is the known property of the hyperbola. And 
the velocity at G wiU heiofioite^ for the area ABhC is infinite. 
And the velocity at any place D is as the hyperbolic area 
ABGD> which may be fonnd by Stone^s FluzioDs, p. 54 ; or ' 
\}y cor. 2, prop. 87> book II. my Conic Sedlions. 

[Prop. 4] . — in the triye^^odes found.] One being giveu 
to find the other. 

[lb* given the circle VR] that .is, -CV is known. 

[lb. in tbe leaft given tioiej tbefe fmall parts of time are 
taken conilmnt and invariable. 

[lb. and the triangle iCK] that is, the triangle will be in- 
variable. 

[lb. and fuppofe the magnitude of Q,^ This qimntity is 
any conili^nt qnanttty, bnt -unknown. Suf^fe in fome cafe 

V^ABFB = b X IK, and Z = b X KN. And in all cafes 

(by prop. 40) v^AMD s b X IK ; and in all cafes Z or 

^ == b X KMt that is, in all cafes Q =: b x A x KN^ 

whicb is plain^ becaufeQandA x KN are conftant quan- 
tities: therefore if it be once V^^^^ : Z : : KI : KN, or 
i> X HC:b X KN::KI:KN, it will always be fo. 

In this prop, the liive CE is iadetermined ; and if Q were 
known, the areas of the curves abz and acx might be kno^l'n 
to any drdance C£. 

[lb. cor. 3.] In Fig. 4, Newt. Let CA s: a, CV = t, CD 

X, DF = y, y^aa — rr = n, 

11 4 
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Then the force DFbdog as ^ the flaxion of the arefi 

— X 1 

ABFD is ■ , 9 and the fluent as ^— ; and corre^ed. the fluent 
X* 18 X* 

=: area ABFD. Therefore the velocity at D 



£aaxx 



v/aa — XX 
IS as • •• Ihen^ 



1. Suppofe a inflnite^ and x ^ then the area ^ AliFD 
^^aa 1 

becomes s:— • And iiuce at V the orbit IV is perp. to 
ar r *^ *^ 

CV, therefore IK = KN.and VABFD = Z = that is, 
- = -9 and Q == 1, and Z = - ; alfo ^ABSD 

^aa XX ^ ^ ^ 1 place I ; and iince i/ABFD 

ax ax X *^ . ' 

(i) ' ^ (x) ' *• ' therefore TK s= KK, and IN = o; 

therefore in this cafe the orbit is a circle, as VXR. 
d. If a be lefs than infinite, and fince at V the oi1>it it 

perp. to CV as befoie, therefore IK =. KN, uud V'ABFD = 

Q v^aa — rr _ Q n Q ,r._n 

— » that IS, —— s: — > or — = — j andQ= Whence 

r ' ar r ar r a 

Z = — • Therefore Db 2 x ^ =: ~ 

ax a< — ^ 

rr— XX 2v/rr — 

nrr 



9 andflvz.ofdieareaVacD = °"2L 



te^rr — XX ^^rr — xx 

= fluxion of the fedor VCX, and the Fl. : ""'^'^ 



2xv/rr — xic 
Zi feaor VCX, which is as the angle VOX. 
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"But, pottiog femi-coDjogate = CH := Z, the hyp«&* 

hOic &aor VCR = Fl. : . » and CT = - = 

8v/zz — It * . 

I 

and z = — • Then infiead of z and z> puttiog their values, ne 

• 

— rrcx c 

fhali have the hyp. feaor VCR = Fl. : ' ^ = ^ 

Sxy/ rr — XX 

X cir. feaor VCX. Therefore when x = CT, the hyp. 
fedor VCR : cir. fedlor CVX : : c : n ; that is, becaufe the 
angle VCX is as the fedor CVX. the angle VCX is to the 
hjper. fe^r VCR in a given ratio. And dnce CT or x oooh* 
tinnally d^creafes as the fedor VCR increafes, thc^body P 
draws continually nearer the centre C. 

3. If the velocily be greater than failing from an infinite 

height, the flux, area ABFD = and the fioent — • 

hb 

Bttt at firft the area (fuppofe) = — > and x = a, an infinite 

bb 1 i 

line; tberefoie ABFD - J_ - - ^ mi 

ABED =^^+ -» Therefore ✓ABFD is m 



^bbnnxx + xx-aa _ f^bflitution) V^Hl 



a a 



aaxx aaxx 

Bat m X = r, and VABFD = v/fliZl?? % and 

aarr r 



Q = V^fELZ-.f.S arid Z = I = v/*iL— JS. ThenDb 
a * ax 

— VstT— ,aa ^-IT — aa 



X 



Ax 

= (byfubftitution) and Dc = — X Db = 

XX rr 

; therefore, 4^^^^ = flux, area VacD, 



axv^xx — rr 2x v^xx — rr 
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orofVCX- And the FL: = feaor VCX^ 

which Is as the angle VCX. 

But in the elliplis VRS let CH = z(Fig. 27), femi-con- 
jugate = c. Then the elliptic fcctor VCR = FJ. : 

_J^?L=, aud CT = -T" = X, and z = and z z= 

Hill—* Then putting forz and z tlieir values, aud the eliip. 

feaor VCR = Fl.: ■ s 4 x cir-leaorVCXi 

ax ^xx — rr 

therefore when x = CT, the ellip. feclor VCR : cir. fe6lor 
VCX : : c : A ; that is, hecaufe the angle VCX is as the fec- 
lor VCX, the angle VCX is to ibe elliptic fedlor VCR in a 
^iven ratio. And iioce CT or x contumally inoieafes as the 
fe6lor VCR increafes, the body P goes contmually farther 
^nd iui iIri- from the centre C. 

[lb. and the centripetal force becoming centrifugual] for 
•then the curve VPQ will turn upwards ; aod^ the law ol: ihe 
force beiog the fame, it will be coDibru^d the fame way by 
the elliptic fe6h>ra, taking the point A between -C and V. 
And here the velocity will increafe as it recedes from the 
centre C. But it can never revolve round this centre. 

SECTION IX. 
[Pr. 44» or in ankcedcntia with a celerity] for then lihe 

line mnC falls beyond s, sf being = rk, and sCk 9rCk ; 

and confequently the point m falls without the circle. 

[lb. and with a lei's force] if the orbit moves flower in 
anUcedcniia than with twice the celerity of CP in co/j/eguen- 
^ ; for then Uie point m falls within the curcle, between r 
and s. 

The meaning of this prop, is this, — that the difference of 
the forces at different di (lances from the centre are recipro- 
cally as the cubes of the diiiances (which forces are requiiite 
to make the body move in a quiefoent or jrevolvio^ orbit^ 
and the diiiances to be .the fame in both). 
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[lb. cor. ].] Formn reprefents the difference pf the forces 
by which p revolves to n, or P to K, in equal times; and the 
' verfed fine of RK reprefents the force wbeiceby a body moves 
from R to K in the circle in the fame time. 

[lb. cor. 2. as half the la£us rectum} for thefe forces are 9» 

' nr* ba* 

bnor ar to bp or as. But ar = — rr- = -^-yr-. And asD 

: sp*: : al) : 2R; and asD = ^ = " ; and 

ab* X aD ab* , ba* 

= nnrzK = w ^^"'^ -gj- 

to or as R to aC or CV, in Fig. 2, PI. 18. 

[lb. COS. For let the ibrce in Jthe immovealde elh'piis 

TFA * FFT FF 

be ^YT s and in V- it will be or-rj^. And the force 

by which a body may. revolve in a circle at the diibince Of 

. FFR ^ , ^ J. 

IS - .«p . And the di&reoce of the forces in V (of i^voly- 
ing in the moveable and immoveable eDipfis) is- ' ^ — --9 

and in every altitude A is j and, the force in 

FFA RGG RFF 

the moveable ellipfis will be ^ - + ' 

[lb* cor. 4.] After the fame manner as in the two fore- 
going corollaries ; becaofe when the velocity is given, the 
ibrce a curvature or reciprocally « radius of curvature ; 

VFF RVFF 

iherefoie T : R : : - y^i - : - r^, — 9 which is theforce here- 
with a body may revolve in a circle at the diftance CV. And^ 

by cor. 1, FF : GG — -FF : : — 7p — : j 

which is the diiference of the forces (in the moveable and im- 
moveable orbits) in the vertex V. And by the prop. ^ : ~j 

RVGG-- RVFF . RVGG — RVFF , . ^ . , ^.^ 
: : ■ ! ■ ' ly^ ' '■ ■ " " • ' "* " ' "' 9 which is the dif* 
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feredce of forces in every altitude A ; and therefore the fofce ia 

the moveahle traje6lory upk will be X + ~ 

A 

[lb. cor. 6.] In this cor. X = o, and RVGG — RVFFis com- 
pounded of all giveu quantities, and the force in Vpk will then 

be a -j;. Tills alio appears from the prop, for the diiier* 

1 

ence of the forces in P and p is as bat the force in one. 
of them^ viz. at in the line VP> is o ; and therefore the other 

force in Vpk is the difference of the forces, and is as tA^, . iUfo 

Cp 

Ibis cnrveis the fame with (Fig. 28) that in cor. 3, pr. 41 ; for let 
vad be a circle ; and by this eor. 6, <. vcp oc < vcz a arc va oc 
area vca a area vcb, which is the conllrudlion io cor, S, pr. 
41 ; alfo cp = cz or cx, becaufe \z, ax, and bx are tangents, 
vrhich is alfo the lame conilru^ion as in cor. 3> pr. 41. 

[Pr. 45 (Fig. ^0)9 but orbits acquire the fame figure] Let 
the fmall parts of the curve df, fh, hp, 8vc. be defcribed by a 
body A in indefinitely fmall given parts of time. And let 
another body B go from d in the fame diredUon de, and with 
a velocity which is to the velocity of the former in the fab* 
duplicate ratio of the centripetal force of B to that of A ; and 
let it arrive at s in the aforefatd fmall given part of time. 
!Now fince ef : rs : : force of A : force of B : : velocity* of 
A : vei.* of B : : de* : dr* : : fquare of the time of B's moving 
through de : fquare of the time of B*s moving through dr; 
therefore, by lem. 10, the body B will pafs through f. And 
' fince rs is everywhere as rd\ it is evident the fame curve dsf 
will be defcribed by both bodies, and which de, fg touches 
in d, f. Alfo tlic velocity of A in f : vel. of A in d : : as per- 
pendicular from C on de : to -L on fg : : vel. of B in f : vel. 
of B in d : : And vel. of A in f : velocity of B in f : : vel. A 
ind : vel. of B in d : : de : dr; that is, in a given ratio; 
that is, fg : to fk, and hn to hi, and px to pt are in a given 
ratio ; and therefore when A is arrived at g, B would be at k; 
and iince gh : ki : : gf* : kf* : : ed* : rd* : : ef : rs ; or gh : ef 
: ; ki : rs; that is, the centripetal of A to that of B 9ti e<^ual 
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diftances being in a given ratio, B will pafs through i, and con- 
fequently through h. After the fame manner itmay be prov- 
ed that the body B will paCs through the points m, p, u, 
jf and deCcribe the fame curve with the body A. 

Farther ; if another body D move through \\ to de, and 
with a velocity which is to the velocity oF A as Cj3 to Cd, 
and be a^ed upon by a force which in the points /5, J, z, &c. 
is to the force in the points d, f, h, &c. refpedliveiy^ as C/| to 
Cd, to Cf, Cz to Cb, 8&C.; then, I fay, the curve deferibed 
by thebody D, viz, /)}z0w, will be fimilar to the curve df hpy ; 
fwin the time that A would arrive at e, D would arrive at y ; 
and becaufe Cy : Ce : : C/J : Cd : : force at ^ : force at d : : : 
€f : : Cy — or CJ : Ce — ef or Cf ; and C0 : « : : Cd : Ct ; 
18 every where as y/J* in all the points between j| and y (by lem. 
10), it is manifeft the fig. C^^ is fimilar to the fig. Cdf, and 
the tangent h || to fg; and becaufe the areas Cgf : Cfd : : 
Cc7 : Cj/3 ; wherefore wlien A comes to g, D comes to e ; but 
gh : fz : : Cf : CJ : : Cg : Cf : : Cli : Cz, as before; and Cf : 
Ch : : CI : Cz, whence the fig. C^z is fimilar to Cfh; and 
after the Came manner it will be proved that the nafcent figures. 
Cz(p, C9», are fimilar to Chp, Cpy ; and thereibre the whole 
%ure 35z<pfti is fimilar to the figure di li^^y. 

Of univerfally, if the orbite and dfp are fimilar, C^. 

a oc force x time^ of defcribin-; a force X — r'-^r— 

o ' velocity^ 

oc force x (Fig. 30) — 7- t-t-^ Therefore velocity* oc 

^ ° velocity* ^ 

force X diftance C/J. Whence if C/S be given, velocity a 

^ force; and if velocity a C/3, force oc C$ alfo, which 

agrees with What went befi^re. If the force be given, velo- 

1 

locity oc V C/3« If velocity be given, force a "q^* 

riK , 1 o -, u — 3T TX + 3TX* X« . 

[Ih. exam. 1, 1. S.J here ' — M 

twice ref)eated in the Englifli, which is wrong. 

£lb. By this collation of the terms] for fince the fame 
figure will be defcnbed by making the centripetal force pro- 
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porlional at equal diftances (aJtering the velocity^ in the fub- 

dupUcate ratio of the force); and fjuce,wbenR is nearly =s 

T, and x very finall, the centripetal force in the revolving 

eUipfis will be aa ftGG — FFx, and in tliis orbit (becaufe in 

loth tbe denominator A» is tbe feme) ia as V — sTTx, tbeiie- 

fore thefe forces ought to be proporli<iBal at all diftaoce^ vis, 

-when X = o, and any olhcr indeterminate diftance A orT — 

x; wherefore (in thefe two cafes) RCiG : : : RGG — FFjc 

. -p— 3TTx : ; (and by divifion) TFx : STYx : : FF : S'TT, which 

ia the conftruaion o£ the problein- Mtsr the fiwue manner, la 

example 2, the centripetal force in the revolvipg ettipfis,and 

tliis new orbit, will be asRGG — FFx, and T^™n,T^— "J?,aiwl 

to have the orbits fimilar, putting x := o, RGG : T" : : (putting 

X — X for any indeterminate diftauce) FiGG — FFx : T*^ — n 

1> — "X : : (by divifion) FFx : nT'^^'x : : FF : nT""^. 

After the fame manner, in examples, it wiU be RGG : bT* 

+ cT : : (RGG — FFx : bT« + «T — * wbT*"^ — 

njcT'^— 'x) : : FFx : ml/i"^ 'x + ncT-^'x. Or GG : 

bT"~" + cT-^' : : FF : mbT°*— ' + ncT'*— The quan- 

FF RGG — RFF . s nr 

^lly «_ jj. ^3 (in cor. 2, pr. 44) is univerially 

as the centripetal force, whether the apfidea move backwards 

or forwards ; for G : F : : VCp : VCP : : (p. 1 19) pCn : pCfc. 
And the force in the revolving elliplis is greater than 
in the immoveable one, when n (Fig. £) is without the 
line ks; and inf that cafe (F is lefs than G, and) 

RGG affirmative. Rut the force is lefe 

A' 

when n falls between k and s, for then (F is greater than G, 

KGG — RFF. 11 
and) 4- ^3 is negative, as it ought to be, 

SECTION X, 

[Pr. oO, it is evident from the confrriKStion] Since VP 
touches the curve in P, and PB is ± thereto, therefore 
.B is the point of contad, of the circle AD, and the wheel 
or generating circle, and therefore BV = AO. Alfo &nce 
WT is ± to TV, therefore V is the point of contafi 
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of the generating circle (whole diameter is VW) and OS ; 
whence VW = OR. The figure* are fimilar, becaufe their 
axes are as the radii of the ^hens. 

[Pr. 52, heace fioce in imeqaal — ] fuppofc TR to he 
aiia&aller ofcillatbn, to find the velocity in I; take st : Sll : : 
Tl :TR; then velocity at R in the arc TR : velocity at Ria- 
SR : : TR : SR; and velocity at I in TR : velocity at R m 
T R: : <prop. ^l ) velocity at t in SR : velocity at R in SR : r 
^ SH* ^ iR* : SR* Andj ex tquo, velocity at I in TR : 

TR 

▼elocity at R in SR : : TR / SR» — tR^ : Sl^ : : ~ 



^SR» — tR» : SR : : (becaafe SR : TR : : tR : IR as) 

^ TR* — IK> : SR. 

[lb. There are obtained from the times given] for in two 
unequal arcs two correfpooding parts are defcribed in equal 
times (by prop. 51); theiefore the velocities in thefe poinls 
will be as the entire arcs; and therefore both the velocities 
and arcs will be known. 

[lb. And if the ablolute force of any globe] that is, the 
force at a given didance be called then the force at the 
diiliaace CO is CO x V. Bat in a given time HY is as the 
force ; whence CO X V is as HY^ and therefore HY is de^ 
fcribed in a given time. ' ' • 

[lb. cor. 1. Por this time] for then AR == AC, and 
V is given : therefore, this time : time of i ofcillation : : 

AC • AC • AC 

[lb. cor 2. But in that cafe] for (in Pig. PL 19), by cor. 
1, prop. 49, AS : Bv : : PS : PV : : <2CE : CB (in this 
cafe as) : : 2 : I - - (a"^^ % divifion) AP : BV — PV ; 
whence AP = aBV — «PV ; but verfed fine of 4PB = 
BV ^ PV ^ ^^^^ _ ,py . _ jyp = verfed. 

iine. 

[lb. as M. Huygens] all this is demonftrated in KeiPs Phi- 
lofbphy. Sea my Uorge book of Mechanics, prop. 40, 
cor. 4. 
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[Pr. let the projedion] T is projeaed iuto aud t 
sntop. . 

[lb. as alfo its pofition] The greater axis gTih perpendi^ 
cular lo PO. 

[lb. and fince the area POp] for let (Fig. 31) — Qp-^ 

s: sp, which is given (sp being i. to PO) ; and PB^ : Pr* : : 
1>B» — SP* : PS* 5 whence Ps is given, and thence SO, the 
angle POp, Op, and Pp, the point p, and angle OPp. 

SECTION XL 
[Pr. 57, and about each other] coniidenng either body 

as at reft. 

[Pr. 68, by the fame forces ther^ may^ be defcribed, &.C.] 
that is, by making the velocity to the fonner velocity as 

(y/sp to v/CP, that is, as) y/P -f S to ^S, as appears by 
the prop. 

[Pr* 60, in a ratio fefquiplicate] it ihoald be fubibfquipli- 
cale. 



[lb. of the other cUJpfjsJ As : S -f Let : a : e : 



S + Pj be ^. T hen : b + P^ : : (S : a^ : :)e»:S+ P. 

But (fince S + P : e* : : a' : s) eMs the firft of two mean 
proportionals between S + P and S. 

[Pr. 6].] Note, if a body were placed in the centre of gra- 
vity, and whofe force would be fufhcient to caufe one of the 
bodies. to revolve aronnd it, and to defcrfbe the fame figure, 
yet it would not caufe the other body (if it were unequal) 
to dclcribc its figure, except in that law of centripetal force 
•which is as the diftance, where the periodic times are all 
equal. For, to preferve the fame motion as before, either 
body muft be attradked to the body in. the centre of grevity • 
with a force which is as the other body, or as its own diftance, 
which is the cafe of one body attrading another, and holds 
only (in the cafe of their being attra(5lcd by a third body in 
the centre of gravity) in the law of centripetal force before- • 
mentioned. And therefore in 
, [Pr. 62.] The foregoing note it to be obferved. 
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[Prop. 64. This would be the cafe] For this only caufes 
the bodies T, L, to revolve more fwiftly round their centre of 
gravity D, but affe<5ls not the other bodies. 

fib. with equal periodical times.] Bj the foregoing (in the 
three bodies L) the body S defcribes an ellipfis round 
C ; and_, by conlidering the centre of gravity of S, T, as de- 
fcribing an ellipfis (as before of T, L), it will appear the fame 
way that the body L defcribes an ellipfis round C ; and as 
the centre of gravity of S, defcribes an ellipfis^ fo T de- 
fcribes an ellipfis alfo round C. Farther ; from what went be- 
fore, the centripetal force of S towards C is as T 4* L X 
SC + CD, or T + L x SC. Alfo the centripetal 

force of T towards D is as L X "f I) + DL + S X TD 
(which latter part arifes from the refolution of the force ST 

into SD, DT, and DT ads towards D), or as T + L + S 

X TD. Now, by cor. 2, 8, prop. 4, the periodic times 
are in the fubdu plicate ratio of the radii dire6lly, and the fub- 
duplicate ratio of the forces inverfely ; therefore the pe- 
riodic time of S round C : periodic time of T round D : : 

</ SC . ^ TP . , 

V . • V — : and are 

SC X T + L + S TD X T + L + S 

therefore equal ; fo that after one revolution the bodies all re- 
turn to their firfl placies: 
After the fame manner the point C, and a fourth body 

as alfo the bodies S, will defcribe ellipfes round their 

common centre of gravit}^ for any one, and the centre of 
gravity of the other three will defcribe ellipfes ; and the cafe 
is the fame if there were more bodies. Alfo« as before^ and 
by a like refolution of forces, (ince the forces VS, VT, VL, 
arerefulved ibto VC, CS; VC, CT ; VC, CL ; the former 
acting in the direcflion of CV towards V, the latter to their 
centre, of gravity^ and are as the diflances of the bodies there- 
from^ as before^ they will therefore ftill move round their 
centre of gravity C as before, but fwifter, although all the 
four revolve round B. Alfo periodic time of V round B ; pQ, 
Vol. III. I 
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jiodic time of S round C : : v^- 



S + T + L X Cli + BV 

x/ - — : : (that is, as) 

+ L X S X SC + V X SC ' ^ 

BV . SO 



T + L + S + V X BV T + L + S +V X SC ; 
and are therefore equal ; and if more bodies were added, ali 
the bodies would perform their revolutions in equal periodic 
times. Q.E.D. 

[Prop. (}(), cor £• Such is the force NM.] This force al- 
ways ads from P in a direction parallel to TS, and tjrom M 
towards T. 

£lb. oor. -6, the periodic <ime will be increafedj for then 

rad * 

the periodic time is a '^ -5 which is a greater ratio than 

Viorce . ^ 

tad. 4> becaufe the force is diminiihed. 

[lb. cor. 7> the upper apfis to go backwards] for — — 5 

> — And — > 1 J therefore n is > than m. Alfo 

m* 

put D = diftance (r z: a giyeh quantity), and the force is 
/D' + !■ 1 

I — j^t or rather) asi)» + ^> and when the di^ce m- 

Creafes, the decreafe of the force is + ^> which is lels 

than + ^) whicjx is the decreafe according to the du- 
plicate ratio. Alfo at the coTijun<Slion, &c. the force ofP 
towards T is the centripetal Ibrce of T + LM — TM, or 
the centripetal force of T — KL. Alfo the decieafe of the 

1 d^ 
force is as d* --^ which is greater than d' — ^9 or the de- 
creafe according to the duplicate ratio. And ^ 3 <^ — 
%\ and n <m» 
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|lb« cor. 7* The trath of this] for then^ the farther P re- 
cedes from T, the more it is attracted towards the bodies 
Sj S, and therefore leik toward^i T than it would otherwUe 
he. 

[lb* oor. B, when the apfides are m the fyzygies] for then 
NM IS greater and LM lefs than before. 

[lb. cor. 9. Now therefore — "] For the ratio of KL to LM 
is ]eafl: when the apiides are in the quadratures^ and greateil 
in the fyzygies. 

[lb. For the forces LM] as is (hewn in oor. 7« 

[lb. cor. 10, from the fyzygies to the qnadratares] for after 
the fyzygies, the body by the action of S, is made to 
move in Hnes which fucceflively cut the plane TPS at greater 
and greater angles. And for the fame reafon^ at the 90^ 
from the o^^ants (between C and A), the body is drawn into 
lines (or little planes) which cat TPS at greater and greatei 
angles, which before 90® cut it at lefs and lefs. 

[lb. and by a like reafoning] for the inclination is increafed 
from u to D (Fig. 39), diminilhedfromD to S, increafed from 
Sto C> diminifhed from C to u; as is plain by fappofing T 
and any point p, wherein die body is^ to be joined ; and the 
plane pTt to revolve round pT, till it pafs through the new 
place of the body p (which it acquires either above or below 
the plane pTt) by the (a4^on of S upon it^ or the) force NM ; 
and then it will appear how that new acqnired plane cats the 
plane SCT, whether in a greater or lefler angle. 

[lb. cor. 1 1 — from the former plane CD] Since the in* 
clination of the orbit is diminifhed from C to A, the inter- 
le6lion with TSE will move from C to B, and from D to A; 
and feeing that ioclination is increafed from A to the inters 
fedion (or nodes) will ftill move towards B and towards A. 

[lb. being always either retrograde] that is, confidering 
a whole revolution ; for in fome points they go forward. 

[lb* cor. 13. And fince the caufes and pfoportions] to one 
anotfaeo <uid to the force of See. 

[lb. cor. 14. Bat fince the forces] For SK : LM : • 
accelerating force of T towards S : perturbating force 
of S. And therefore the perturbating force of S ;;;; 

la 
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LM X accelerating force of T towards S ^^^^ ^ 

ST nearly, and LM (in its mean quantity) = PT, and the ac- 

ccleratiog lorce of T towards S is as the hody S directly, and 

ST^ reciprocaliy, therefore the perturbatiDg forces LM^ NM, oe 

PT X b odyS . ^ . PT x bodies 

^ , tnat IS, a ^ ^^^.^.^ 

Or a PT X denfityofS X cub. apparent diameter of S (for 
the apparent diameter is as the real diameter diredtly, and the 
diftance reciprocaily). 

[lb. cor. l6, fquare of the periodical time of the body P 
conjun^ly.] This holds las true in the fynodic time of the 
body P (fince the ar^'on ot the forces that caufe thefe errors 
begin and end at the. quadratures, which comes to the fame 
as if they l>6gun and ended at the fyzygies) : fee what foI« 
lows. 

[lb. and hence the angular errors] theie in one revolution 

are as the linear errors directly, and the radius or diftance re- 
ciprocally ; that is, as tlie forces and fquare of the time of re- 
Tolution of P diirei^ly^ and the diftance TP reciprocally ; that Is 
j^becaufe the force a TP), as fquare of the time of revolution, 
[lb. Let thefe ' ratios] The angular errors of P ob- ' 

ferved from T as that is (by cor. 14), as 

PT X hody S X time*. *u * • • r 

iTi^ i^TTT : > that IS, m the time of one revo- 

PI X I s periodic Ume 

, oTtt 1 re I \ C3 tin\e of P's revolution 

lution of P (and it b be given), as—- — , .. . -r«- • 

^ CD periodic time of T 

[Ih. both thefe motions will he as tlu* periodical time of the , 
body P diredlyj for the angular motion or velocity, or the . 
mean angular Errors, are as the i'um of all the angular errors 
in aoy time dired^y, aad the time reciprocally ; that is (in 
the periodic time), as 

hody S X CD lime of P's revolution that is as 

time of l*'s revolution X a periodic time of T*' ' i 

hotly S X time of P's revolution dire<Slly, and the iqaarectf' 
the periodic time of T reciprocally. 
[Cor. ^0. /ind thence the greateil height of the water, 
•This is explained by Woffter ia his (Experimental) Phila« 
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fophy, page 72. Alfo -fee my Geography, prop. I2j 
fe<a. 1. 

SECTION XII. 
[Prop. 79- As the lioeola Dd,] when the radius of the 
fphere is given ; and when the radius is not given, as Dd and 

the radius conjun6Hy ; therefore AS, and alfo PS or PE, may 

be of any magnitudtf. 
[lb. the fum of all the reclangles PI) x Bd] that is, as 

PF + PD ^ ™ PF 4- PD _ — PJ pn- 

X DF, or X PF — PDj or 



« ' - 2 2 • 

[Prop. 80. The whole force of the fphere will be as the 
whole area ANB.] Alio it is nianifefi that the attradtion or 
force of any part of the fphere F£B is as the correfpondent 
part of the area DNB. 

[Pr.-81, ex. 1.] The area SL into AB = SL x AB, be- 
caufe both SL and AB are given. And the area LD into AB 
is a trapezoid, whofe bafe is AB, and the two parallel lides 
LA and LB; for as the point I) removes nearer A, the ordi- 
nate LD decreafes (from where it is LB) to A (where it is 

TAv J . • LA + LB LA -f- LB 

LA) ; and that area is — J X AB, or ' . X 

IS — LA, Uiat IS, ^ 9 or it « ^ x AB, 

ALB 

that is, LS X AB. And the ordinate -^JJ ordinate of 

an hyperbola between the afymptotes whofe centre is L, and 
one afymptQte LB ; for ALB is a given re<^iangie, and the 

ALB 

nature of the hyperbola is that -jj^ (LD the part of the 

afymptote being taken as the axis) is as the ordinate ere^ed 
on D : whence the reafon of the conftrudion will be evident . 
for aABb is the aforefaid trapezoid, by conltru6lion ; alfo iik 
the hyperbola ab the re^angle LB x Bb is given, but that 
{hy confimaton) is = the reaangle ALB, when the hyper^ 

boUc area aABb is that defcribed by th»09rdauite^|^« And 

la 
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the difiimnoe of thai and U|e Ifapesoid (wliich is the dif« 
ferenoe of the two fiiftareas) is the area aba required. 

[lb* £z. the third '*^^^^r^) ^ ^ ealculated 
by fluxions. LD is a flawing quaatity ; the fluxion oi the area is 

A LB X S[ ^ u[) ^ » X LD i and the whole area is 

ALB X SI ^ M . • ALB X SI , , 

X LD — % that Mty ■ ■ » or (whea ID 

s LB) • fiom this take thearea (when LD=LA^ 

ALB X ST 

viz.) — j_ difference is the area fough^ 

ALB X SI ALB x SI 

SI* X SL 

[lb. Ex. Sj The atudon of the firft area is — — 

^ ^ ,1 . «SI»xSLxLD-i 
X LD — a X LD, and the whole area IS- ^ — - - 

* — v^asx 

or . gSPxSL ^ ^j^^ ^j^^j. part of the area on AB 1* 

— v/2»i X y/LB 

VaSI i^LA v^Lli 

•reais-^X LD-JX LDi and the ..hole area 

SI* . — 

>c LDii andtheareaonABis — =||X V LB — y^LA* 

Alfo the floxion of the third area is ^LJL^^ x LD | 
K LD; and the whole area ^ x LD — J; and the 

— Sy/gSi 

SI* X ALB 1 i 
area on AB « X - 

* [lb. And thofe alter due reduction] LA, LI, LB, arc ^ ; for 

SP - PI - ^-St M = . - g^^ "' And 
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LA = PS — AS — Ll = 2£i^gp^--SA. And US = 
SA- + SP g. p . SA* + SI' . SA> - SI* 

m ^ -i- SA, are -ir, ^ will appear by multiplyiDg thenu 

Hence VLB — -v/LA = ' For x LA = 2SI 

=: 2LS 2SI = LB LA — 2SL And LB + LA — 
Sv'LB X LA = 2SI. And (by evolution) \/LB — -/LA 

i/2SL Therefore the firft area (r^S^il^Lj^ >^ 

VLB^ v/LAn X SL . , ^ , 

• , J zz " " * Ana tne iecoud area 

v/LB X LA ' U . 

SP. And ^/LW — VLA' (= LB + LA x VLB — y^LA 
+ i/LB X y^ALB VAL x VALB = sLS x -/oSI 

+ -/ALB X -/sSl = sLS + H X v^SSI) = sETTSsi 

X v'fiSI. Whence the third area =; ?^ ^ 



3 



VLB' — VLA^_ Sl» X 3Ci + 2SI 2SI 

^ VSm — SVALB^SLI - + SET- 

[Pr. 83> let us fappofe] it Ihould be« let that fuperficies he 

not a purely, &c. as it is in the original. 

SECTION XIIL 
£Pr, 90, cor. 1, 2] for the fluxion of the area is as D — nji), 

and the area as -fiZT ? or as jg^irn J ALUi 
1 1 

'•®PAn-A PHn - l\ 

PF-i 

£Pr. 91, cor. 1. And Sie other part J for tbe Ihixion of 

PF . PF 

^ area is pj^ x PF == ^ x PP =3 

»P* — ppi X PF X PF. And the area = RP + FP* 
s: PR. And (the area on PB is PE — AB; and oi^PA# 

PD — AD. And their diiieience) Jfl) is tJie area 

on AB. 

1 4 
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[Pr. 91, cor. 2-] This is calculated in the Appendix, by 
the help of the quadratures oi cuives, which fee in Harris's 
liex.^ vol. 2. 

And the curve KRM is a conic feaion; for the indeter- 
mined quantities rife only to two dimenfions, I^t SA = r, 
SC = c,BE = u,FB =: b, ER* = PP* = PE^ + ED» = 

cc — 2cc L 

5 _ u* + — X «ru— uu - bb +-J 2b X u + 



cc 

1 X nu. 

rr 



[Scb. Pr. 93, and I fuppofe the force proportional.] For 
(Pig. 33) confider A, B, as flowing quantities, and let A be 

m 

given = o. Now fince AT = B; therefore when A be- 
comes A -f A = A -I- Oj B becomes B + and then B + 
m m ^ m . p — a m* — mn 

i=:A+ on = An + — OA + 



ooA 



■ ^ - &c. Now if any quantity A + o n (where o 
is mfinitely (mall) be involved^ the firii, fecond^ third, &c* 

m 

term will be refpe6tively as the flowing quantity (AT), the 
firft, fecond, &c. fluxion of that quantity, as is. demonflxated 
in the quadrature of curves, fcb. topr. H' (for which fee 

m* — • mn j» p — 8^ 
Harris's Lexicon). Therefore —-gp — ooA— fa as the 

* in 

fecond fluxion of AT. Now if a (centrifugal) force adl from 
the line CD in the direction B, and a body move in the 
curve CZ, the fluxion, of A will continue the fame always, 
and the lorcc afting upon the body will be every where as 

m 

the fecond fluxion of B, or of AV (its equal), and thae- 

JZH ooA "7r"> or (becaufe o is given) as 




nS 

m — 2n 



B ^^^^ is as thecentripetal force* This may be more ealii/ 



Digitized by Google 



t>N THE PftTNCmA^ ]21 

(hewn by fluxions only, by Ending the fecond fluxion of (B or) 

SECTION XIV. 

[Pr« Q4, equal to the.fquare of HM] (Fig. 34) for imagine 
a diameter drawn through H (Fig. 36)» and an ordinate to 
it tbroogh I, the abfcifla will be = MI, and the ordinate =: 

MH. Alio, couipkting the figure, the tangent IP cuts from 
the diameter Ha, Hp.=: Hu = MI; therefore tlic triangiea 
HLP, M LI, are equal and flmilar, and HL LM. And 
the kitits reBum to Ha is always tlie fame* whatever the an- 
gle of incidence he, if the velocity be giv en ; for the line Hd 
thai tlic body will dcibribe in a given time is given ; and the 
Une dg that the body approaches the plane in a given time is 

Hd* z5* 

Ijiven; and therefore -g^, or jg, or the iatus redlutn, i» 

given. 

[Pr. 96, fch. of the fecants] of the angles between the hue 
of incidence and the plane. 

[Pr. 97, cor. 2 ] The curve lines CP, CQ (being every 
where perpendicular to AP, DK), are compofed of arcs of 
circles; therefore PD is the increment oi' AP or AC, and 
QD the decrement of QK or CK ; and therefore thefe incre- 
ments are as the fines of incidence and emergence. And, ^ 
conira, if PD, QD, are as the flues of incidence and emer* , 
genoey a body moving in the line PD fhall emerge in ihe Ime 
QDK, by this prop. 

[Pr. 98, and therefore QS to be always equal to CE ;] (Fig. 
S6), For fince qqqq and ssss are always perpendicular to qs, 
therefore fuppoflng QS and Iqs to interieiSt in K, then KQ 
— KS K. Iq — . KS, that is, qs = IqA Alfo let Iq.K 
aDd«q.sinterfeainT;then iq.s = Iq.T — ST = «T sT 
= 2q.s. Alfo 2q.s = 2q.V — SV = 3q.V — SV = 3q.S; 
and fo on, till at laft qs, coincidini^ uith CE, will be equal 
thereto. Therefore QS is every where equal to CE. 

[lb. ich.] See the Author's Opticsj where all thefe things 
a».ihewn. 
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BOOK ir. 

SECTION L 

[Pr. ^, cor. For if that areu] by Marq. Hofpital's Conic 
art. dl9; and my Conic SeSt,, prop. 86« hyperbola, 
t&t. 6. 

[lb. of the right line AC] by ihoi converfe of lem. 1 ; but 
the contrary (Joes not hold, that is, if any area ABGD be 
taken for the time, that DC Oiall represent the velocity, or 
AD the fpace. 

[Pr. S. And the refiftance] The force of gfravily may be 

compared with the refiftance of the medium; fat they may 
both be confidcrcd as uniform preflure. 

[lb. or AC to ^AK] For fuppofe a tangent to be drawn to 
ibe point B, then Kq : (fubtangent =:) AC : : kq : Bk or AK. 
And in general in any area, aa MstN, it will be, AC : |MN 

Ms + Nt 

+ NC : : (by the nature of the hyperbola) ^ . — : ABor 

' Ma 4- Nt 

Mm. And by divifiou AC : AM + |MN : :i — ~- ; 

y ^ °^ : : area sMNt : area smnt. But AG : AM + 

|MN : : force of gravity : refiftance in the middle of the 
fourth time. Therefore sMNt : smnt ; : force of gravity : re- 
fiftance in the midft of the fourth time, and ib of the reft. 

And the like demonftration holda (Fig. 37) in afcendiog 
motion; for let the redangle ABDG be divided^nto innu- 
merable rectangles Dk, Kl, Lm, Mn^ See. which fhall be as 
the decrements of the velorities produced in fo many equal 
times; then will AE, Ak, Al, Am, be as the whole velo^ 
cities, and therefore as the refiftances of the medium in the 
beginning of each of the equal times. Let AC : AK : : 
force of gravity : rciiitance in the beginning of the <econd 
thne ; then to the force of gravity add the rcfiltances, and 
DEHC, KkHC, LiHC, MmHC, &c. will be as the abfolute 
fovoca, or oc decrements of the velocities^ a Dk, Ki, Lm, Mn», 
&c. and therefore ^; whence DGqK = KqrL =■ LrtM a 
MitN^ 9tc. will be a the equal.times or forces. But AC : 
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MC : : M« : AB. And by^divifion AC : AM : : Ms : ins : : 
area sMNt : area smnt ; : (and therefore as) force of gravity 
: refiftance ia the fourth time; and fo of the other aieus. 
Thereibre iince DGqK> KqrL^ LrsM^ MstN^ are cc the gca- 
▼itating forcesy the areas G£kq^ qklr, rlms^ msnt^ oe refift- 
ances in each time, cc velocities oc fpaces defcribed. And, 
by compofition, in the times DGrL, DGBA, the ijpaces de« 
fcribed will be as GEh, GEB. Q.E.D. 

[ib, cor. 3.j For the ditf. fpaoes a velocities (that is, bj. 
€or. 9) Qc CA, CK, CL or oc AK> KL, LM {^j, by 
km. 1 (Fig. 3). 

[lb. let that alfo be diflinguiflied] This is true in this law 
of refiftance; becaufe the motion lofl; ia a velocity oc 
semaining velocity cc fpaces defcribed. 

[Pr* 4> whieii ia the iocus of the point r. Q.E.D.] all the 
left is plain by prop. S and 3, and cor. pr. 9. 

lb. cor, 1, that is, if the parallelogram] For DA : CP : : 



DR X CP 



DR:RX= — — u But DAB = DC — AC x AB 



= (by the nature of the hyperbola) AB — AQ x DC = 
QB X DC = (by confuuction) N x CP. And DA =: 
>J X CP PR X CP x AB DRxAB. 
^AB-- WherefoieRX= S x CP "=—r~-' 

(lb. cor. 4> DraF is alio given.] by this prop. 

£lb. eor. 6.1 fcr then HDP « 

Telocity* , . • 

Ff n 

[Ib*oor. 7^ the ratio jjpj yif^ea this ratio b the 

fame with the other^ tlie curves defcribed (and fupppfed tahe 
defcribed) in thefe two cafes will be fimilar. 

SECTION IL 
Pr. 6 had been beUer expreiiied thus (though tiie tranlLa-> 

Am agrees with ^e original). 

ffa body ts refijied in the duplicate ratio of its velocity, ami 

moves by its innate forec only through a findlar mediwMf 
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andthe fpaea be taken equal, I fay, that thetinus of their 

defcripHfm are in a geometrical progrejfion inereajing ; and^ 
that the velocities at the beginning of each of the times are , 
in the fame geometrical progrejjion ( decrea fmg or) inverfelxf, 
Vot it is plain that the times may be taken la I'uch a geo- 
metrical progreffion as that the fpaces cannot be equal, 
nor the Telocities in the fame inverfe progreffion. But if the 
fpaces are equal, the limes and velocities will be in a geome- 
trical progreiiion, inverl'e to one another. The demonftra- 
tion is the fame, however the propofition be exprefled ; for 
it being proved that the lines AB, Kk, JJ, &c. being fquared, 
the fqoares are as the differences of the Knes; and alfo that 
the Tquares of the velocities are as tlie differences of the velo- 
cities. Therefore if AB and Kk be taken as the velocities in 
the beginning of the titnes AK, KL, and an hyperbola be 
drawn through the points Bj k, to the alymptote CD (whofe 
centre let -be C), all the other velocities vrill be as the lines Ll^ 
Mm, &c. becaufe the progreilion, of the lines as well as the 
velocities continues the fame all along. Whence the fpaces 
(in thefe equal times) will be as the areas Ak, Kl, Lm, 
and in the time AM the fpace will be as AMmB. Now con- 
ceive the area AMmB to be divided into the eqnal areas 
Ak, Kl, Lm, &c. Then will CA, CK, CL, &c. be 4? increaf- 
ing ; and the parts (by lem. 1) AK, KL, LM, &c. which are 
as the times, will be in the fame progreffion, increafing. Alfo 
the velocities AB^ Kk, U, &c. (which are ledprocally as CA, 
Cit, CL, &c.) will be in the fame progreffion inverfelj^ 
Q.E.D. 

[Pr. 7, and times conjun6lly] very fmall particles of time. 

[lb. they will always defcribe fpaces,] for the parts of ipaoe 
defcribed in thofe feveral particles of time are as the lefpeo- 
live velocities x thofe feveral parts of time ; that is, as the 
firft velocity x each part of time. And, by compofition, 
the whole ipaces are as the firft velocities x whole times» 
Q.E.D. 

[Pr. 7> cor. d.] dele. Let thofe diameters applied ,to that 
power. 
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[Pr. 8.] in Fig. I, PL 2^ k ought to be beyond 1 in refpe^ 
of &c. becaufe the refiftanoe decreafes. But the demon- 
ftralioii is the fame any way. But this figure is not in the 
lil or 2d edit, of the original. In prop. 8 and 9^ AG reprefeats 
the relative gravity^ or its weight in the fluid. 

[Pr. 9^ cor. 7*] For the greateft velocity is given (by pr. 8, 
cor. 2, 3). And thence the time of acquiring that velocity 
in free fpace. And ABNK (ABnk) being given, there is given 
AK, andAP (Ap), and AID (AtD). Then ADC : ADT 
(ADt) : : time of acquiring that greateft velocity in free fpuce 
: time fought. 

£Pf. JO^ equal among themfelves] and very fmaU. 

Ml X Nln ^ . . , ^ 

[lb. or — — J as appears by umilar Ls, produced by 

kttiug fail a ± from N on HI. 
If the velocity in GH be greater than the veloci^ in HI^ 

GH HI 

the decrement is -y^ and arifesfrom the reiiftance 

and gravity together (becaufe gravity draws the body from 
the tangent into the arc HI) ; and if gravity a£i not, that 
decrement would be greater (for gravity accelerates the mo- 

• Q^ii X NI 

tion) by ^ ^ — ; therefore the decrement by the refift- 

, . GH HI 2MI X NI 
ance alone is — + TUTM'* 

[lb, will be NI ; ] for Q being a given (ratio or) quantity, 
Qo will always reprel'eut MN, whatever the maguuude of o 
be. ' 

And the ordinate DI = CH — MI ; alfo the value of 
Ml in the ordinate £K is (becaufe o becomes 2.o^ and (nb- 
ftitttting 2 X o foro) 2Qo + 4Ro* + 8Ro' + &c.; and 

therefore EK = CH — 'iQo — 4Ro» — 8So» — &c. Alfo 
in the ordinate BG, when o becomes — • o, the value of MI 
(by fubftituting — o for o) will be — Qo + Ro* — So* + 

&c. AndBG = CH — Ml(as before) = P 4- Qo—Ro^ 
+ So^ — &c. 
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Lib. or g I for (becaufe o is ioEaitely fmall) 

R + I So, R + are both arithmetical and geometrical 
proportiuaais. 

. [lb. by fubflituttog the values — ] becomes I + X 



QRoo Ql^o^. 



powers of o, or the qaantiUes infinitely lefs than the other) o 
^ QHoo oQn* 

Q Ro* gQRoo _ ilSoo 

~y/Y^m s/f^" ^^^^ 

HN -1 HI* , ^. , ^ 

{Ib.iafti««^ii»-j5|-Jor-j;TY = (negleaing the fupw 

^ . ^ 00 X 1 + QQ I + QQ, 

fluous powers ot o) ' * 

[lb. p. SS, that a body by afcending from P] or any odw 

point of the quadrant PF, in the direi^tion oi the arc of that 
c|uadrant. 

m bb' , bb 

[lb. Ex. 5, the fecond term — o— o J or rather — 

• a aa . aa^ 

m 

* — "J- o = Qo; but the fqaare is the fame either way. 

nbb ] 
[lb. Ex. 4, for Qo] o ^ o = Qo. 

g 

Lib. Sch. And therefore if a curve] for the quimtity 

HT|n-I . * 

-r- ^ IS as tlie deniity, and if tiiat be given the den- 
fity is given. 
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I^Tb. than thefe hyperbolas here defcribcd.] For let the two 
mediums be of the fame denfity in the vertex of the curves ; 
then if the bodies be projeded from A, the uniform mediont 
being more denfe, aad the other kfs deofe at the body 
moving in the aDiform medium wUl be more impeded^ and 
confequently will defcend the more than that defcribing 
the hyperbola, which is lefs refifted, and which therefore 
moyes nearer a ftraight line : therefore the body moving kk 
the uniform medium is more diilant from the afymptotes in 
the vertex of the figure than tbe other body. But if the den* 
fities of tbe mediums were fnppofed equal in A, then (by the 
fame way of reafoning) the body in the unilbrm medium 
would be nearer the afymptotes in the vertex. And, ge- 
nerally fpeaking, thefe curves cannot therefore differ very 
far. 

[Ihi will touch the hyperbola in 6 J for fuppofe the tan» 
gent TG to interfe<5l MX. Then (by fluxions) tlie diilance 

VX 

between that point of interfe&ion and V is = «— • Then by 

fim. As ~ : VG : : VX : TX VG = nVG. But VY 
n 

p: nVG. Therefore TX = GY. 

[lb. and the velocity] for the velocity (when the gravity is 
given) is as the ordinate of the parabola, that is (the abfciffs 

being given^ by the gravity), as the flatus rectum. 

[lb. Rule 1.] Tor the velocities are as the y's of the iatut 

reSum of two parabolas, that is, as s/s^^ -— > that i^ 

^ ^"^ff" ^^r* fuppofition) are in a ratio 

AH Ah 

ofequiJi^, and therefore ^ ^ Alfo fince the den- 

fities are equal, will be given, that is, = " ^ ^> 

3Xa SAix 3 Ah 

Whence AH = Ah. Whence AH, AT, remain the fame ; 

and HX, which is compofed of AI and the fubtangent to the 
axis Xll« is the fame alfo. 
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✓AH* 

[Ruled.] For velocity a v a (becaufe AH is given) 

Ai 

[Rule Bs and tbeiefore AH] for lei b be the ratio, then 

Ah , AH . , AH* _ Ah* , AH^ 

— = b -;-r» And -TT" = — = b~T-r xAh. VVhence 

Ai Al Ai Ai Al 

AH . Ah AH • _ AH ™, 
Ah = -r— > alio, tt- = r-p = b X -xr * Whence Ai = 
b Al bAi Ai « 

AJ 
bb* 

[Rule 4, a little greater] fince AH decreafes fafler than 
GT, therefore the fum of all or every AH 4- OT is lefler 
than the firll AH + GT x number of them; aod therefore 
the fum of all the denfities (being reciprocal thereto) is 
greater than the fum of as many deniities in A and G. Bat 
the mean deniity is = fum of all the denfities -7- by the num- 
ber of them, and therefore is fomething greater than the 
I fum of the denhties in A and G. But half fum deniities : 

denfity in A : : £ * Therefore mean dendly : 



denfit V in A : : is in a ratio a little greater than | x AH + GT 
: GT. . . 

[lb. Rule 5.] for HX ^ AI -f fubtangent = AI + nAI, 

XN being the axis. 

[lb. Rule 6, by how much] for ihe variation of curvature 
in one of thefe hyperbolas, where n is great, is lead in the 
part AG, and fo it is in the curve of projedlion, where the 
velocity is greateft ; fo they agree in that part. But they 
differ more in the part GK, where the projedlile approaches 
to a unilbrm nioLion. 

[lb. Rule 7 ] -A H to 2AI ought to be 3AII to 4AI (but the 
original is AH to <2AI). 

[ib. Rule 8, whofe conjugate] hyperbola iliall pafs through 
the point C. 

[Ib. what has been faid] for by fuppofing the index n to be 
negative, VG (which be fore vvas -4^ V X — will then be as 
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VX*^ and Ibe carve AG will be a parabola ; and what was 

dcmonftrated generally of the hyperbola will hold true (for 
any mdex, and therefore) for the parabola ; and all thiogs 
wiii follow as before^ fubilituting — ^ for n. But the com* 
putaUon may be made for the parabola as for the other (Fig* 
38) thus: let VG = bbXV» = XO; then the fubtangent 
ZT = nVG. And let XC = a, ng r: e, cC ~ oj then VG = 



n — 1 



a + o = a» + na^— * Q + n X -r— — an-^*ob + n x 

^^-^ X ^i-r-^ a»-^ o^ = P — Qo — Roo — So'. 

Wbei|ceQ;= — na«-'. R = — n X a»*— ». S 

= — n X ^—^ X " T" ^ 5< tf*— Therefore tbe den* 
2 3 

% in G is as f . =; ) Izl? • that is. 

as ~-— 2-__j or as ■ ^ — : • that is, reciprocally as 
i/a + nua y^ji» ^ ' 

XC^ + TZ*. And the fame may be found hy. fluxions, 
putting Q, S, for the firft^ iecond^ tbird^ fluxion 'of VG 
or XC». 

SECTION III. 

[Pr. I'Z, and inverfely as the velocity;] for the time of de- 
fcribifig a given fpace is reciprocally as the velocity. 

[Pr. I3j cafe 1^ ^, 3> the decrement or increment PQ] in 
a given time. 

[lb. cor. and triangle do.] therefore, ex equo, &c. 

[lb. fch.] For (Fig. .S9) fliaw the indefinite line BAP, and 
make Bi) perp. and equal to BA ; and draw DF, AF parallel 
to BA, BD. Let AP be tlie velocity, AP* + 2BAP the re- 
fiilance> AB^ the fprqe of gravity. Draw. DTP, cutting 
FA in T, and the time of |he whole afcent will be as the 
triangle DTA. 

For draw DVQ cutting off PQ the moment of velocity, 
and DTV the moment of the triangle; then the decrement 
of the velocity PQ will be as the refiilance and gravity AP^ 

Vol. III. K 
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^ fiBAP 4- AB*;. tha^is, as But the arefi DTV i8t» 
tfae am» DPQ as.Jyi'^ to DV^, or us DF^ to.BP ; theiefere 
fmce the area DPQ is as BP% the area DTV will be as the 

given quantity DF*. Therefore the area ADT decreafes uni- 
formly as the time^ by the fubdudlion of given particles 
PTV ; and th^efore is prqportioDal to whole time of 
ifcent. 

[Pr. 14. From the area DET] This (hould be :~froin the 

moment KLON fubdii6l DTV, or m x BD, the moment of 

DET ; and only a falfe trauflation. 

[lb. cor. or as V* ;] for the fpace is oc □ of the time, that 

is, oc the Iquare of DET, or of BD x M a (becaufe M =: 

DE X Vn . . BP X DExV . 

• jjj^ — J fquare of 9 that is (becaufe BD, 

DE, DA, are given), as V*, or as ^ • 

[lb. fch. inftead of the ooiform refinance made to an 
afcending body ;] this differs from gravity only in this, that 

it cannot generate any motion; but it adls after the fame 
manner in all moving bodies in deftroying their motion as gra- 
vity does in deftroying the motion of afcending bodies. Gra^ 
yity a6b uniformly in a given direction. The force arifing 
from tenadty a£b uniformly^ but always in a dire^on con- 
trary to the motion ot the body ; and^ therefore, when the 
body is at reft, it can induce no change in it. Now in the 
horizontal motion of a body in a iiuid which is refiited in part 
uniformly, one may fubiUtute the force of gravity for that 
uniform refinance, as in pr. B, 9, 13, 14. And in the afcent 
or defcent of the body in a fluid, inilead of the force of 
gravity, one may fubftilute the fiim or difference of that 
imiform force and the force oi gravity, as in thefe propo- 
iitions. 

SECTION IV. 
In prop. 15. [And the decrements of thefe arcs artfing 

from the refiftance will be as the fquarcs of the times in which 
they are generated ;] for iince the arcs are infinitely fmall^ 
the rrfiftance affe&s the fame «i an uniform centiipetBl foro^ 
would do» 
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(lb. The decremeDt of the arc (Fig. 40) PQ will be] for 
letq, be the points it would arrive at^ in tbe fame times^ 
in fhee fpace ; tben Pq = qt^ and PQ = Qr ; therefore 
Qq = qt — Qr ; and adding Qq, 2Qq = Qt — Qr = tr ; 
and Qq = |tr : but Qq =: JRt j therefore tr = |Rt = Rr, 
and Qq = -fRr. 

The fame demonftrataon of thb pn>p« holds good as well ia 
afcending as in defcending motion. 

[Cor I. The vdocity, &c.] for fuppofing PQ an arc of a 
circle (Fig. 41) whofe centre is f ; then if PQ or PT be as the 
velocity in both curves, TQ will be as tbe centripetal ibrce in 

"PQ* • * 

both^ but in both curves TQ i therefore Pf =: rad» 

of the circle defcribed with the fame velocity. 

[Cor. 4, the body will defcend^ &c.] for, by cor. 1, the 
velocity in P in a reiiiling medium is = velocity in a circle at 
diftance SP in free fpace ; but velocity at diftttDce SP in free 
fpace : to Telocity at diil. JSP in fiee fpace (by cor. 6, prop, 

4, b. L), or prop. 34, : : as ^ J- : to s/t^ : thatis, VI 

op • 

: V^2; therefore» -&c. 

[Cor. 7, or as j>AS to AB] (for thb, fee my Creometrical 
Proportion, prop. £4.) 

In prop. 16. [And the refiftance, &c.] inftead of this pro- 
portion in prop. 15, vis. PQ : QR : : SQ : y^SP x SQ, 

fabilitute this; PQ : QR : : (SQ?: SI? : : ) SQ : SQ 4- 
^ SP — ^ (by prop, 24 of my Geomet. Proportion), that 

is, as the defcribing velocities, &c. 

[Cor. 1.] Por the refi^nce ; centripetal force : : (jRr ;= ) 



I_iaOS:OP. 

SECTION V. 

In prop. 19. [Cafe 3, different fpherical parts have equal 
prefiaresj that is, different fpherical parts of equal, mag- 
nitude. K 1 
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In prop. dO. [And by a like reafomng, &>c J Snppofing the 
thicknefs of the orbs to be reciprocally as the force of gravity 

or tlie denCly ul the fluid, or in the complicate ratio of them, 
and it will appear («is before) liiat the bottom is preiltd \\ith 
a cylinder of tlie fame fluid whofe bafe is = the bottom, and 
height that of the flaid^ by the fame reafoning as before, 
and prop. 19. 

In fchol. pr. 22. [By a like reafoning, Sec] Let the force 
of gravity be reciprocally as the nth power of the diftance. 

Wl B [ OK 

The fpecific gravities at A, B, C, &c. will <x g^o' SB» ^SC*' 

AH X AB 

&c. and the denfities oc fums of the prelTures oc ' i^.y;:^' 

BI X RC CK X CD All Bl[ CK 

&c. And tu, uw, &c. oc difi*erencc9 of the denfities oc 
AH BI ^ . , ^ . AH X Ul 

SA^' SB^' ^ ^ ' uw X Ul a » 

BI X ui ' 1 J 1 1 1 

^g^a— . « SA^ ' "SB'^— SA^— ' SB^=^' 81?^ 

1 1 

— — -. i a &.C. i and therefore, univerfaily, ■ g^^,,!.^ " — 

« hyperbolic area tbmy. Therefore if 
SA° 1 1 I ^ 1 

sc^' Sa^'"^ sb»— *^ sc^ ' ^ ^^^"^ sF=^ 

— SB^^^^ ~ g|3«-= r ^ SO^'^^* *^ ^ areas proportional 
thereto will becqiial, viz. thiu = uikw ; and therefore St, So, 
Sw, that is, AH, BI, CK -H-. Q.E.D. Theji putting n fuc- 
ceifively = 3, 4, 0 — I, 8cc. the truth of the faid fcholium 
will appear. And Id on a^f vifinifum. • 

[Other laws of coiidenfaiion, &:c ] Suppofe the comprelT- 
ing force a rth power of the deniityj then the fpecific gra« 

AH Bf 

vities in A, B, &c. a gg;> &c.; and the preflures in A, 

^ . AH BE^CK DL>. BI CK DL 
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AH BI 

Now if thefe fums were -5r, their differences -gjj -ggj 

&c. would be in the fame and th«i the preffurea in A, B, 
AH BI 

^ "SA' SB ' * ^«»fi3ei' oc AH% BP, &c. And 

therefore AH'— Bl'^« oc ^> and AH, BI « 

_j 

SA ^ > SB 1 ^ . Then putting r = ±,^,2,&aall things 

vrill appear as in this fchol. But now the aibf^faid foms are 

not in geometrical progreffion, becaufe it is plain their dif- 

^ . . AH BI ^ ^ ,All BI 

terences are not, viz. §g > ^c. j forif ^3 gg , &c. zt, 

and feeing SA, SB, &c. are -sr, therefore (by pr. 18, cor. 2, of 
my Geom. Proportion) AH, BI, 5cc. would be -rf, which is 
falfe (except in the cafe of prop. 21) ; therefore neither theie 
differences nor fums are -H-. And coniequently the conelu- 
fions of this fchol. in this refpedi are not true ; and therefore 
it muft be preCumed that the author meant them only to be 
nearly, and not perfedUy, true. 

In Schol. prop. 23. [Ail thefe tilings are, &c.] It feems to 
me that the prop, holds true, though the centrifugal force be 
extended to ail diftances iq any given Uw, as well as when it 
ends at the next particle in the fame given law. For, fup- 
pofilng the particles of the fluid to be placed in parallel planes, 
and that thefe planes ad on each other, the force of com- 
preffion on any one. plane will be made up of the feveral 
forces of all the other equidiftant parallel planes. Therefore 
fince the diftances of all thefe pi anes before compreflion are 
tefpe6kively proportional to their diltaiiees after compieirun 
from this given plane, their actions on the given plane before 
and after compreflion will alfo be proportional (feeing their 
adlions or forces are as jfome power of the diftances) ; and 
their fums will be alfo proportional to thofe of any two cor« 
xefponding planes, viz. as the neareft to the neareft. In thefe 
fort of particles there will be required a greater force to pro- 
duce an equal condenfation of an equal quantity of the $iuid i 

K3 
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but the denfity will be proportional lo the compreffion, m 
before* 

SECTION VI. 

In prop, U. Cor. 5. for let m, M = quanUties of 

matter, w, W = wei^ts, t, T = times, for the common 

pendulum 1. Alio L = new pendolam, T = new time, for 

M, and W. Then m : M : : wtt ; WTT (by the prop.) : : 

wU:/vm^jWTO Andifm,M; t,T,M«equal,woc 
t t I« 
. 1^ which is cor. 4. 

In prop. 27. [If the rcfiftance in the arc B, &c.l If 
the^efiftance in the arc A were to the refiftance in Uic arc 
B asAA to AB, the times would beequal; and therefore refiit- 
imce in the arc A caufes the excefs of time above that 
in a non-iefifting mediam ; and refiftance AB in the arc B 
caufes the excefs of time in B above that in a non-refifting 
medium, equal to the former excefs (becaufe with thefe refift- 
anqes), they are defcribed in equal time. But now if B be 
defcribed whh a refiftance BB, the excels of time will be 
caufed by tb at refiftance. 

[But thofe exceflbs, &c.] Now the exceffes of time caufed 
bydefcribing B with the refiftanees AB, BB, refpedively 
are as the fpaces left undefcribed after the given time ; that, 
is, as ihe refiftanees AB, BB, nearly, or as A to B, viz. as the 
arcs A, B. And fince the excefs of thne by defcribing A 
with refiftance AA = excefs of time by defcribiiig 13 with 
refiftance AB, therefore it follows that excels of time in A : 
to exceis of timemB : : as A : to B nearly. 

In prop. £9. [Area PIEQ may be to the hyperbolic area 
PITS : : as BC to Ca ; and that the area IBP maybe to the 
area ILT as OQ to OS.] 

That this is poffible (afluming P at pleafure) may be thus 
Ihewn. Let the areas PIEQ, PITS, be taken (as BC to Ca) 
indefinitely finail ; then PIEQmuftbe greater or atleaft equal 
to PITS : fuppofe them equal; then will PIEQ > PILS,and 
IF > IL (and more fo, if PIEQ > PITS); but when S, P, Q, 
coincide^ OS to OQ is a ratio of equality ^ therefore in tius 
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cafe IFE to ILT (or IF to IL) > OQ to OS (or however 
not lefs) increafe the areas PIEQ and PITS in the fame 
rafcioj and the ratio of OC^ to OS will alfo increafe and con« 
veige at length to the ratio of lEF to ILT ; which (hews the 
pofllibflity of what was required (but as to lin a^al iblution 
I (hall refer it to an algebraic procefs). Tliis being done as 
required^ then the points .O, S, Q, are all hxcd, and the 
point R only yariahle. 

lEF 

[And the increment^ for the fluxion of -^j^ OR 

lEF 

IGH to the fluxion of PIGR :: as HGto— RG 

lEF 

: : or as HG — to RQ. Or rather thus : the incre- 

lEF lET 
mentof ^OR— IGH isas-gg— HG x— Rr=:HG 

lEF 

X Rr — "qq X Rr. And the increment of PIGR is as 

RG X — Ri* ; and therefore the decrement (becaiife the de- 
crement is a negative increment) of PIGR is as RG X Rr. 

In cor. to pr. 30. [Now if the reiiiiance be in the 
duplicate^ &c.] for the yelocities being as the ordinates of a 
circle or eUipfis defcribed on aB, the refiftances (being as the 
fqaares of thefe velocities) are as the Iquares of thefe ordi- 
nates, that is, as the redlangles of the .abfciflas. Therefore 
the refiftances J)K, OV, are rcfpedlively as aDB (aOB = ), 
OB*. Bat this is the property of the parabola aVB delbribed 
to the axis VO, by eor. 2 to pr. 4 of the parabola. 

Gen. fch. pr. 31, p. 76. [But in lelFer ofcillations fome- 
what greater^ &c.l that is, the difference in the ieiler arc to 
the difl'i^rence in the greater arc iv m a grei^ter ratio than the 
iquaies ||>f tbeia kflar and greater arcs. 

[P. 75.] for I the chords of thefe arcs^ read the chords of 
Ibofe half arcs. 

[lb. p. 76, 77. As ^ AV + ^BVi + -| CVs] Thefe 

three members are taken to denote three laws of reflfiance^ 
^iz. the hril in the fioiple ratio of the velgcity, the tl^jipd in 

K 4 
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the duplicate ratb thereof^ and the feoond partly in the fim- 
ple^ partly in the duplicate ratio (or in a mean between them) 

and the coefficient thereoi is a middle oue betweca 
and |. 

[As 0,041748 to it (hould be, as 0,041778 to 121. 
* [P. 78. It is manifeft that the force, &c.] for the forces of 
refiftance and gravity are as their effeds ; to wit, as the velo- 
city loft (by refiftance) and velocity gained (by gravity) in 
the fame lime as 1 to SlO-f^. 

[I alfo counted — I leave the calculation, &c.] The calca- 
lation afler the preceding manner will be as follows : 

Mean ofcilUtioni S| 7 14 . 98 BB 119 

Difference between fiift defoent and lift aliBtAt I I 8 4 8 16 

Dt&renceofarcsdefcribediathedeloMlt'l J_ J_ JL ^ 
and fubfequent afcent - - - j 148 S72 ^26 835 l25 "68 

Alfo thefe in the greater arcs are nearly in the duplicate ratio 
of the velocities, but in the lefler arcs fomewhat greater (ihefe 

arcs are in the laft feries of the tabic). 

Let V =: velocity in fecond, fourth, and fixtb cafes = 
I, 4, 16, refpedively ; and the di&rence of the arcs will be, 
in the 

fid Cafe =r^ = A+ B + a 

4th Cafe = ^ = =r 4A + 8B + l6C. 

6th Cafe = = if zi.iOA + 64B + 256C. 
Whence A = ,0005098 j B = ,000588£ ; C = ,0025784. 
Therefore the difference of the arcs is as flOOSOgsV 4- 
/XX)588aV| + ,00fi5784V^ And confequently.the refiftance 
of the glohe in the middle of the arc will be to its weight (bj 
cor. pr. 30) as ,0003^!J442V + ,0(J041 174V4 -f ,00iy338V*to 
121. Therefore the refiftance will be to the weight, in cafe 
fid, 4th, and 6th, as ,0026? to Ifil ; ft356SU to Ifil; 
^65949 to Ifil, r^fpedtivdy. 

' Note— You may take any other numbers (that are in the 
fame proportion with thefe above) for V ; for example, I 
took i, 1, and 4 = V, in the 2d, 4th, and tjlh cafes, aod 
A will be = ,002039; B = ,004706; C = ,041255; 
and tbe refiftance to Uie weight (at the laft) comes ool 
the lame .as hefore. 
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In the 6th cak, the point marked in the thread defcrihed 
*n arc ot'l 12 — {4 inches = 1 1 ItV > therefore the centre of 
Ibe globe defcribes an arc = 1 1544i =: 1 15f nearly ; and 
k» velocity is (nearly) the fame as in defcending an arc 57^ 
of a cycloid (whofe femi-arc is 126), or = velocity acquired 
by falling perpendicularly through the verfed fine (or abfciflTa) 
of that arc 67x1- : but this verfed fine is = 13,324 ; therelbre 
the velocity of the pendulnm is = velocity acquired by falling 
perpendicularly 13,3^ inches. And with this velocity the 
globe meets with a refiftance which is to its weight as ,5'265g 
to 121, or (taking that j)art only ot the refiftauce which is as 
the fquare of the velocity) as ,49505 to 121. 

Alfo if .a globe of water of equal magnitude moves with the 
fame velocity, its refiftance will be to its weight as ,49505 to 
213,4; or as 1 to 431tV« Whence, in the time in which the 
globe uniformly defcribes 2C),()4H inches, the weight of the 
globe of water will generate all that velocity in the falling 
globe ; therefore the velocity dedroyed by refifiance will be 
to that acquired by gravity (in the fame time) as 1 to 43 1-^, 

or velocity Toft = | ^ of the whole velocity. And* there*> 

fore^ in the time it would uniformly defcribe its femi* diameter 

with the fame velocity, it would lofe the r—-— part of its • 

motion. * 

[P. 79f after five ol!cillations] this certainly ftiould be after 
10 ofcillations, as appears by the procefs of the calculation. 

[P. sa So that the difference 0,4475, ^c] for the ino« 
tion loft is o( the refiftance, and that oc the fquare of the ve* 
locity and i'quare of the time nearly^ which in this cafe ia a 
sonfiant prod u (1:1. 

[P, 81, 1. 2.] Here is a fmall error, viz; ,6 1675 inftead of 
,61705 ; whence 45,453 would have been 45,43, and the re« 
fiftances as 7,002 to but this is not material. 

[P. 82, becaufe the refiftance, Sec] for the refiftance cc 
fquaje of the time X fquar^ of the velocity, which produ6k u 
Jnvariablej becaofe equal arcs are always defcribed. 
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SECTION VII- 
[Pr. 3^, ratio of denfity] he meant an y given ratio of deft* 

£ty which are proportional to the particles. 

£Pr. 32. Proportional times] any times, in that conflaDt 
fsUo ; that is^ let them move amoDg one another in fimilar 
diie^ons, with velocitiea which are as the particles. 

[Pr. 32, cor. fpaced proportional to their dlameteni] In 
thefe proportional times. 

[Pr. 33, cor, 2, for if the forces, &c.] for the refiftance 
arifes from the oentrifagal forces, and from the coUifions of 
the particles. The refinances of the firft fort are as the mo- 
tive forces, that is, as the accclcrativc forces and quantity of 
matter; that is (by fuppofition), as the fquares of the velo- 
cities and quantities of matter; that is (becaufe the quanti- 
ties of matter are given, the fluid being the fame), as the 
fijnares of the velocities. 

The refiftances of the fecond foil ai e as the number of re- 
flexions and their forces ; that is (as is proved in the prop.)^ 
as the fquares of the velocities, fquares of the diameters, and 
denfities of the parts ; that is (b^caufe the diameters and den- 
fittes are gi^en), as the fquares of the velocities accurately. 

[As alfo the bodies E aud G jj let E and G be vaftiy fwifter 
than D and T, 

[Pr. 34, but the former of, &c.] for bH x CB ss (BE» =) 
ObN| which is the property Of the parahola. 
[Pr. 34, fchol. lefs refilled than the former fdid ;] for if 

FG and IH be produced till they interfe<5l, they will form a 
right angle; and therefore the fruftum FGBHl will be lefs 
leiiiled than if the lines ihould interie^ in an ohtafe angle 
(as is ihewn in the cone), which they would do if the )ine» 
fell within FG and IH ; and for the l\ime reafon tlie refift- 
ance would be greater in the curve itfelf, becaufe the Jineola 
which conliitute it will, when produced, interfe6l one another 
at obtufe angles. What is mentioned befides ia this lehol. i» 
demonftrated in the Appendix. 

[Pr. 35, it follows, that the cylinder. See] for motion 
cylinder : motion medium : : cylinder's magnitude X denfity 
X vdocity : (medium's magnitude x denflty x velocil^ =^ 
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-cylmder^s magnitude ^ ^ velocity x medium's deniity : ; cy- 
linder's deniity : medium's denfity. 

[lb. to the force by which] to the motive force by which its 
whole motion^ &c. 

[Pr. 35, cor. fi] for the refiftance of the globe and the 
force (that will guite take away Its motion In the time it 
moves two or four thirds of its diameter) are in a given ratio ; 
therefore increafe the velocity of the globe in any ratio, and 
the force (that will utterly deilroy all its motion in a given 
Ipace) will be increafed in a ratio of the velocity direiftly and 
the time inverfely^ that is^ as thejfquara of the telocily; 
therefore the refiftance of the globe is increafed in the dupli- 
cate ratio of the velocitv. 

[lb. cor. 3] £or the lame reafon, increafe the diameter of 
ibe globe in any ratio, and the motive force (thai will utterly 
deftroy its motion) will be increafed in the triplicate risitio of 
the diameter duccdy, and the time inverfelj' ; that isj in the 
triplicate ratio of the diameter diiettly, and the fimple ratio 
of the diameter inverfely ; that is, as the fquare of the dia- 
meter ; and therefore the refiftance of Uie globe will be in- 
creafed In the duplicate ratio of the diameter. 

(Cor. 6, and its refiftance, &c.] Let BC be the refiftance 
at firft, then reiiftance at the fiift : refiftance at the end : : 
BC* : EF* ; but AE : AB : : BC : EF : : EF : BH ; therefore. 
BC* : £P : : BC : BH. BU is the reiiftance at the end. 

♦ 

[Cor. 7* As the logarithm, &c.] For (by fchol. prop. SG, 

Fig. 4'2, hyperhola) it appears that if AH = 1, AB = T, 

BK = t-i then it will be CBKF : EHKF : : (ioganthm T + t 

X + t 

— logarithm T = ) logarithm —sr — : logarithm T + t. And 

EHKF : AHED : : (logaritlim 1' + t : ,4.S429448 : i ) loga- 
rithm T+Tx 2,30258509 : 1 ; alfo AHED : CBKG : : 
H£: CB X tr:T:t. Therefore, f^o, CBKF : CBKG : : 

logarithm X 1^,3085$ X Ti t : : logarithm ^ ^ 

fi,30258509 : !• 
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[Pr. 36, cor. S.] Forces are equal when then* effe^ art 

equal in a given lime ; but the efiLiSi of the motion of the ef- 
fluent water (in the time a body defcends through GI) zz a 
cylinder whofis leogtb is SGI, and bafe the hole EF; alfo the 
€Sk£t of the gravity or weight of a column whofe height is 
Glf and bafe the hole EF, =: (by reafon of an accelerated 
motion, and in the fame time) a cylinder whofe length is GF, 
and bale the hole EF; and therefore the effe6l of the prendre 
of twice that column (in the fame time) = a cylinder 
whofe length is ^Gl, and bafe the hole £F ; =: the firil cy- 
linder, ergo, &c. 

[Cor. 3> or IH + lO to £lH] for ih : bo : : io : og ; or ho : 
og : : ih : io ; and ho + og : 2ho : : ih + io j 2ih : : io + 
ig : 2io : : G EF + 0 AB : 2 O EF. 

[(b. cor. JO.j This cor. ought to be moce exadUy computed 
and demonilrated, becaoie ihe following propofitions depend 
thereon. 

[Pr..S7, p. 109. And is therefore nearly equal, &c.] This 
refiftance — weight of a cylinder (whofe bafe is that little 
circle and altitude }IG, from which altitude the cyiiadcr 
muft fall, &c.) = force by which its motion may be gene- 
rated, &c« ^ 

[Pr. 37, cor. 1.] Let F = force (mentioned in tlie prop.), 
M rz medium's denfity, C = cylinder's denfity, V = velo- 
city, J) diameter, X = time (of defcrihin g four times its 

X M 

length), 11 = reHilance ; then R F (by the prop.) 

V M 

[CotfS.] Let EF be given, and deniity of the medium be 
alfo giyett. Then becaufe this refiilance s weight of a cy* 

linder (whofe bafe is PQ, and height JIG) x £p> ' ^ jpQ *^ 

dierefore weigh t of this cylinders: refiftance x > j T]^^ * 
«But the force requifite to take away the motion of this cj^ 
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lioder, wbilil it moves foor times its diameter a Weight of 
this cylinder x velocity x 

tiiiiv ot d'jlcribing lour times its length * refiftance 

— — EF^"" ^ " — EF* — * 

£ty of the cylinder being increafed^ the force is increafed ta 
the fame ratio. 

[Cor. 3] for ilnce refinance : force : : Er* X den (ity me- 
dium : Af* — iPQ* X EF^ — FQ*' X denfity cylinder : : 



medium denlUy : — ■ ■ ■ ' ' x cj iuider 

denfity : increafe the diftance it moves in any ralio, and the 

force (to (liiCuoy the motion) will be dccrcafcd in that ratio. 



as fuppofe the ratio of ■ ■ ■ jTps • . Then te- 

liflancc : force : : medium denfity : cylinder denfity. 

[Sciiol, pr. 37* AE and BE (Fig. 43) be two parabolic 
arcs] fince the refiftance is the fame^ whether the fluid or the 
cylinder move, therefore the cafe of the reiiflance of the cir- 
cle in Fig. 4 is the fame cafe with tbc rciiftance of the circle 
AB in Fig. 6^ confidering tlie velocities HG and EG, \v litre- 
with they are a6led on ; but (by cor. 9, pr. 30) the rcfiftance 
on PQ = {cylinder on PQ and height GH (through which 
a falling body acquires the velocity which the fluid has on 
PQ) ; hut I this cylinder is = a parabolic fpindle on PQ and 
height GH, nearly. Therefore the rcfiftance on AB = I cy- 
linder on AB and height GE ( = GH), through which a 
falling body acquires the velocity with which the cylinder 
moves» which is eqnal to a parabolic fpindle on AB 'and 
height GE = AEB, by conftruAion [fince iatus return : 
(HG = ) GE ::GE;AG.J Thia is the very conflruaion 
of Fig. 2. 

[lb. muft be to this force as 2 to 3» at lead,] for the weight 
upon the little circle (in cor. 7> p- S8)» is there (hewn to be 
equal to a cylinder of -f. the height GH at lead:. But the 

¥i eight ui a cylinder oa that circle and | that height is the 
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force whereby the cylinder's motion may be generated in tlic 
lime it moves four times its length, or <2GH ; therefore the i 
refinance in that cor. is to the weight here demoniirated 
{e^erit paribusj, that is^ to the force : :as 4- to f : : that is^ aa j 
8 to 3| at leaft ; and increafing the deniUy^ the force is Inr 
creafed in the fame ratio. 

[lb. let CFand DF.] It is necelTary to allow as much time 
for the meeting of the particles of water (at the axis of the | 
Iblid from tlie lide thereoO> afWr they are paft the folid, as j 
for their reparation heforie they come to it. Now fuppofe this 
io be the cafe of Fig. 4. In the time that a particle paifes 
from H to P, the fame particle with the velocity in P will in 
the fame time defcribe and therefore muft pais twice ! 

•8 far to arrive to the axis again. Whence, in Fig. 6, the 
particle F muft be twice as far from CD as £ from AB ; boi | 
the height of FCD = 2 height of AEB, by conilruaion. For 
let z, y m 2 ordinates to x = } AB ; and zz = 4rx = 4yy, 
and z = 2y. i 

[Cor. 1^ pr* 38.] thedemonikationis the fame with that of 
cor. I, pr. 37* 

[Cor. 2, pr. 38.] Let denfity of globe : deniity of flnid : : 
d : 1 ; then d x ^ diameter of the globe =: fpace fallen, and i 

d X 7 diameter globe — fpace it defcribes afterwards, in the I 
time of its fall, i hen^ becaufe forces (which generate a given 
motion) are reciprocally as the (times, that h, reciprocally 
as the) fpaces which any body defcribes with the fame unt- 
fonQ velocity, therefore the force of the globe*s comparatifi 
weight (which generates its motion in the titnc it defcribes 
d X T diameter) : force that generates the fame motion (while 
it defcribes y diameter) : : y diameter : d x ^ diameter : : I 
: d : : denfity of the fluid : deniity of the globe. Therefoie, 
&c. 

[Cor. 3, pr. 38.] The velocity being given, the motion M 
is alfo given; but (ijy tln:j prop.) refiltance x d z= force 
which will generate the motion M (in the time of moving ' 

diameter) ; but this force muft be sr refiilance, which will 
quite take away the faid motion M (in the fame time of mov- 
ing J diameter). Now augment the time of moving (pic- 
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the velocity) in any ratio (let it = T) ; and this lafir 
Y«iiftaoce (which will quite take away the faid motion M in 
the time T) will be decreafed in the fame ratio ( = R). 
Therefore T and R are alfo given. Therefore by cor. 7, 8tc! 
[Cor. 4, prop. 38.] for let M = ^ diameter in the time 

tM 

Tj and becaufe (by fup.) ^jr^ = jM, therefore T = L 
Now (by COT. 7>pr.35) it will be (^^J i : (Iog.I-±-^ x 2, 

3, &c. = log. 2, X 2, 3, &c. =) ,693 : : J. diameter:-—^ 

diameters, which is lefs than two diameters. Now that M 
ought to be = 4 diameter in the time T is plain ; for it is re- 
quired (by cor. 7, pr. 35) that the refinance R quite talces 
away M in the time T. But (by this pr. 38) the refiftance 
(= force required) will juft takfe away the motion M in 
moving j diameter. But if T be any otlicr time than that 
of moving | diameter, then the force to deftroy M in that 
time will not be = refiftance, but greater or^lefTer than it. 

[Pr. 40, let the globe, &c.] This is calculated in prob. 14 
of my book of Fluxions. In cor. d of that prob. G, H, and 

N> are found, and thence the velocity = "^r^ where H 

is the greakeft velocity the globe can acquire in falling in the 
fluid ; and the height fallen comes out the fame in value with 
bis, but in other iymbds ; bat the one may be ei^ly reduced 
to the other. 

[lb. the numbers in the fourth column, &c.] 2F is the 
^ce defcribed in the time G with the greateft velocity H 

2P ^ 

(by the prob.) ; therefore G : 2F ; : P: F = the fpace de- 
fcribed in the time P with the greateft velocity, the numbers 
in the fourth column. 

[Seh. pr. 40, and any other globe, &c.] that is, the mag- 
nitude of any body oe the exoeis of its weight in vacuo above 
that in water. Or 132,8 : 1 : : this faid excefs : magnitude 
of ^he globe. Henqe ^ameter globe (in Exp. 1.) = 0,84224. 
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[lb. exp. I, but this Ipace, by reafon, &,c.] to demonftrale 
this, it is neceffary to premife^ that the greateil velocily 
wherewith a globe can defcend bj its comparative weight 
through afiuidin a canal is that which it may acquire by fall- 
ing Willi the fame weight, without rciiliance, and ia its fall 
tlcfcribing a fpate w hich is to j diametei as mn^d to l^ Putting 
den(itv c;!obe : deu^ty iluid : : d : ]^ and 1 ori&ce of the 
veffel; jN = 1 — great circle jof the globe, m = 1 — i great 
circle. For (as in cor. Q, pr. 38) the fpace it afterwards de- 
fcribes (in the fame time of its fall) ^--p"- x i diameter ; 
then the force of the globe^s comparative v^eight (which ge- 
Derates its motion in the time it defcribes x \ diam.) : 
force (that generates tlie fame motion in the time it defcribes 
T diameter^ : : (t diameter : --p-^ x J diameter : : ) l* : mn^d ; 

therefore (by pr» 39) the reManceof the globe =: force of the 

globe's comparative weight (which generates this motion in 

• ' 1 n -r^ md*d ... u „ mnHl 

Ihe time U defcribes x 1 diameter, pr falls — p— x f 

diameter) ; and, therefore, this force cagnot accelerate the 
globe. Q.E.D. how, 

' By the experiment, sF = d x 4 diaaipier ; bat the fpace 
the globe uniformly defcribes (with 'ihe greateft velocity 

wlierewilh it can dcicend in the canal or veird, and in the 

time of acquiring it with its compound weight) = --^^ >^ 



X G = 



^ diameter = X 2F = -y x 4.40^ 1. Alfo \/yo,il9 ; 

'^ij?TF:;l''Vi?^^ 

4/nin* . ~ 

^ -jT- 0, 15244 (by the laws of falling bodies) = time of 

ac(iuiring the grcaiefl velocity. And therefore ^^^^ x G 
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(= time) ; X 2F (= fpaoe) : : ) G ; V^5^* x 2F : : 
4" : 1 V p X ^ = (Xpace defcribed in 4") = ^ x 
1 16,1245. Subdua ^ x 1.3862944F = ^ ?c 3,0676 ^ 

and j^ j X 1X6,124^ — -j ^ y X 3,0676 = fpace faUen 

in the flpid, = Il6,l£45 — 3>676 x 2 nearly, as 

the anthor makes it. 

[Ih. ex. 13.] Thb and the following are npon the fame 
conputatioQ as the foregoing experiments in water ; to wit, 
the theoiy of non-elaftic fluids: thereafonis, becaufe he con- 
fiders fluids as elaHic whofe parts are dil'continued, &c« See 
fchol. pr. 35. 

[lb. p. 1 28, equal to ^^g» J This is plain from what 

follows afterwards ; for let a fpace : i : 860 : 1 ; this fpace 
6880 

D = and this fpace the globe moves in the 

time T with velocity V ; let, therefore, T =: and t = {. 

Then motion loft = ^^5^ = 5^ V. Note; t (= j) 

is not fenfibly increafed by the reiiflance in moving through 
§D; and hence I have taken it for the fame. 
[£b. let D he the, &c.] for, pnt denfity globe : denlity fluid : : 

Bd 

d : 1 ; aifo let the fpace— D = S. Now^ by prop. 38, d x 

reiiilance = force, which (uniformly continued) will quite de- 
ilroy its motion in the time it moves j-D ; therefore d x re- 
fi^nce will quite take awiay its motion whilft it moves ID. 
But (becaufe the force of that refiftance and the time of its 

iictiiig are reciprocally proportional) the refiflance the globe 
meets with will quite take away its motion whilil it moves 
8d 

<with Y) ~ D = S. Thercfoie (by cor. 7, pi*. So) the globe 

Vol,, m. i 
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in tlie tune T (of moving Sj meets with a refiftance R which 
will quite defiroj its motion V ; therefore in the time t it wili 

lofc^-~V,&c. 

SECTION VI IL 
' [Pr. 4£> and (Fig. 44) becaufe the motion of the waves, 
&c.] Let ibe waves A, B, C, move from A towards C, and 

fuppofe the water to defcend from the vertex C into the hoi- 
low E, and Uu iKc up to B, which it will do^ fuppofing the 
vertices 'Aj to be of equal altitude; alfo let the water 

defcend from B to and afcend to A, &c. Now fince ths 
v ater in the vertex B defends towards D at the fame time 
that other water (that had deleended from C to E) is afcend- 
iiig to B, therefore the water will he lower at the point 
B and higher at the point b than before ; and confeqneDtlj 
that the vertex of the wave B will be transfered towards C, 
Therefore the vertices (and hollows, and any correfpondlng 
points) of aU the waves will move from thence towards C; 
therefore the waves will be carried on by the dettux of water 
down C£, BD ; and the accumulation thereof on EB^ DA. 

[Pr.4d4 cafi? I, at nearly equal diftances, &cj they fet for- 
ward at equal diftances, and continue fo, becaul'e ihcy move 
t\'ith equal velocity ^ as appears by (the demoiift. of cale 1, 2, 
S, of) prop. 48. (Fig. 45.) 

[Pr. 46j becaufe the motion of the waves is carried on^ 8lc.] 
Let A be the vert^ of a wave. The fluid at b is more preflV 
ed (by reafon of a greater depth of incumbent water) than 
d ; therefore that greater prefllire caufes the water to recede 
from bin all dire<itioas, and to afcend at c; therefore the 
vertex of the wave is now in Alfo a greater preiTure of 
.water .propagated from d to f caufes the water to defcend 
at c, and afcend at e; therefore the vertex of the wave moves 
along a, c, e, &c. And this it will always continue to do, if 
at firll any force is fuppofed to be applied to the fide gha^ to 
hinder the afcent of the water there in like manner as \% 
nfcends at c, e; for then the (ide gha will be afterwards always 
defoending, and the fide ace i^fcendiiig^ without the contioi^- 

imce offugb forest 
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[lb. tranfverfe meafure] is mealuring along the furface of 
the water i as is plain from the demonllration. 

[lb. oor. 2, raUier perfonned in a circle] m in the nole^on 
prop. 42 (Fig.46). But if the breadth of the waves be meafuvei^* 
not in the right fine acb, hot along the furface of the water 
(becaufe the citflux of water through b, c, a, is made in a 
curve line near a circle), then the time meiitioiied in the prop', 
will be very nearly as it is there afligned* 

[Pr. 47] Fig. PI. 9, is wrong^ It (hoald ba thus (Fig. 47); 
[and the original is wrongs too] where 1, n, (land at 
M, L. 

Lib. — with thofe of an ofciiiating pendulum.-i 
lb. according to the law of a pendulum ofcill. J ^ ^ 
prop. d£^ lib. 1^ fpace defcribed by a pendnlnm in the time 
PI is to a whole vibration as the time PI to the time PIS ; 

and to two vibratiuns ixa PI to PHSP ; and the acceleratins: 
force of a pciidulum is as its diilaoce from the lowei); point. 
See cor. pr. 5 1 . 

[lb. that is^ (becaufe UL — KN is^) &c.] that is^ HL 
KN : HK : : OM : OI. 

[Pr. 48, cafe 1, diftances of the pulfes, &c.] the diftances 
of the pulfes in one medium be = diiiances of pulfes in the 
other. 

[lb. and therefore the pulfes ;] hence it appears that the 
cx>rrefpondent parts in both mediums (vibrate or) go and re- 
turn together, or in equal times, though one makes longer 
vibratiuns than the other. But (by iuppolition) the diftances 
of pulfes in both mediums are equal; and the pulfes in 
both are tranilated' through theii^ equal diftances in the times 
of the parts of the mediums (vibrating or) going and return* 
ing, which times are proved equal ; therefore the pulfes in 
both mediums move equal diiiances in ecjual times, and 
therefore are equally fwift. 

[Pr. 48, caie 2, then will their contra<^ions> Sec] be equalj 
in equal fpaces. 

, ^ ^ fquare of the time 

[lb. and moreover^ &c.] for fpace a ' matter ^ 

for thefe fpaces are generated by accelerative iurces)^ and 
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time a »/ i'pace X v^maUer a y fpace X fpace 
fpace. 

[lb. cafe $^ the time which is neceifary^ &c.] for fpaoe a 
atime X W ^ ° ^'i:" Thereiore if the fpace 



matter denii ty 



be given, Ume a Therefore vdocily oc -j^ 



^ force 



denfity 

[Pr, 49. — ratio of PO to A conjunaiy;] that is, time 

\/ 21i£^?L - --7=====, when the quantity of matter is given 
force V torce 

(this in accelerated motions). Then time of one vibration by 
that eUftic force : time of one vibration of a pendulom P0| 
by the weight : : V W : ^ PO X A ; and time of one «• 
bration of PO, by the weight : time of one vibratioa ot A:: 
V^PO:v'A. Therefore, 8cc. 

[lb. of the going and returning] of the pendukm (0. 

[lb. — • of one ofcillation compofed of the going and 
turning,] of the pendulum A. 

[lb. cor. 1, — to its circumference.] For (Mechanics 
prop. 24) diameter : circumference : : time of full througli 
\ radius : time of one vibration. Therefore as radios : cir- 
cumfeience : : time of faU through ^ radius : time of ^ 
vibrations. 

[lb. cor. 2.] for velocity oc a — ^ oc ✓A « 

_ time -/A 

e. force ^^ elaftic force he means that which- arifesbj 

deulity 

heat, as well as that arifing from the compreihon. 

[Pr. 50. Let the number] of the double vibrations, &c. 
' [lb. fchol. in the fubduplicate ratio of the defe^ of tb( 

matter] that is, of the quantity of vapour or watcrv particles 
And (by prop. 49j cor. 2) the velocity will be increaled as 

^ denfity, that is, as) the ^quantityoftiueairin 9 given fpac( 
is decreafed. 
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[lb. near lOOpiilfes in] This computation pre-fuppofes that 
thofe vibrations of the firing are double vibrations, or vibra- 
t^oos compoied of its going and return. 

' SECTION IX. 
[Pr. 51, but the differences of the angular motions, &c.} 

thefe are as the difl^rence of the abfolute motions round the 

axis; that is, as the diiierence of the abfolute tranflations, or 

as the relative tranilations (which are thofe here ipoken of) 

dire&lj, and the diilances inverfely. 

[lb. of quadratures of curves, &c.] Let SB =: x ; Dd r= y ; 

then Dd oc ^ ( z= ^\ hj conftru<SUon ; therefore y =: 

h , • 1. — *• jbx"' — b , ^ 

— ; and yx = bx x ; ana — - =: area : therefore 

XX — 1 X 

t 

area a ~ =: DdQ. 

X 

(lb. cor. 3.] In a given time let the parts 1, a, 3, of the 
fluid defcribe the (Fig. 4&) fpaces Ir, 2s, 3t ; take away or add 
the equal angular motions In, 2o, 3p; foihat the fpaces nr, 
os^ pt^ be defcribed in that given time: now whether the 

points 1, 2, defcribe the fpaces Ir, 28, or nr, os, the tranfla- 
tions at the end of the given time w ill be == si ; alfo if 2, 3, 
defcribe Ss, St, or os^ pt, the tranflations at the end of the 
given time will be the fame in either cafe, viz. = ut ; there- 
fore the tranilations being equal, and the attrition alfo, the 
motions will be continued. 

[Pr. 52, cor. 8, about any given axis] pafling through the 
^lobe ; the relative motion of the^arts of the globe and duid 
are the fame Hill : therefore, &c. 

[lb. cor. 9, femi-diameter of the globe ;] let BC be a plane 
(Pig. 49), D a point of the veflel, A a point of the globe ; 
then period, time of A : time B : : < velocity B : < velocity 
A; and therefore time A + time B ; time A : ; (velocity B 
+ velocity A = ) < velocity A from B : < velocity B : : 
tune B : tune A from the plane BC (to BC again) : : CB* : ^ 
CA*. But time B from DC = time D from BC ; therefore 
time D (from BC) : time A (from BC) : ; CB* ; CA^ as it 
Ihould be by the prop, and col*. Bt i 

L3 
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BOOK III. 

• rPr. 3, tbe edion of the fun^ attra&iDg, &c.} fee cor. T, 
pr. 66, lib. 1, or cor. 14, where KL is oc FT, Dearly (SK or 
bT being given); and the force TM in its mean quantity is 
ls= PT, nearly. 

[Pr. 4, and the fpace which a heavy body defcrjbes] hy 
fUling in 1" : half the length of the pendulum (= | radius) 
; : fquare of l" : fquare of the tune of falling through half tbe 
^ndulum : : (:siechanics, pr. 24) fquareof the circomferencc 
: fquaie of the diameter. 

fib. p. 169^ line 17, the mean diftance of 60 diameters] it 
(honld be 60 femi-diameiers, as it is in the original. 

[Pr. 6, p. 174, — fubduplicateof that proportion, as by ibme 
computations 1 have found,] i. as I found by making fome 
calculation. 

For let R be the diftance of the Sun and Jupiter, d the 
greaterforoe, e the leiFer $ then, to find the didance x where 
d may be diminiflied to e : Becanfe the forces are lecipro^ 

cally as the fquares of the dillances, fey • ^ • :d;e: :x».> 

.R*; andx : R : : : V^e ; theref<»eat the diftance x the 
^weight d (of the fatellite) would become equal to e; and the 
centre of their oibits would not be in Jupiter, contrary to ex- 
perience. And if the force of the fatellite was lefs, by alike 
computation, the centre of their orbits would be nearer than 
Jupiter, alfo contraiy to experience. 

' CPr,8,cor.l^andY^g5 refpedively] thislhould be 

ph. at the diftances 10000, &c.] thefe are as the diame- 
ters ; and the apparent diameters are found by agronomical 

obfervation, which, y by the proportioned diftances, gives 

4he ratio of the real diameters. 

i tPr. 89 cor. 4, — of fo much the greater denfity.] Thisb 
. not generally true, as appears by cor. 2 and 3. 
' [lb. cor.' 8, ^ troly defined.] . This is demonftrated in 
' Gravefand, 1. IV. p. «3«-3. Sec Appendix, p. 20. 
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[Pr. 10, Jofe ahnoil a tenth part of its motion.] For, by 
fch<^. pr. 40, p, lae, it Is, i : 860 : : 4 : SfigS.SS t = fpace 
defcribed io the time T ; putting 1) = 1, V = i j aud I ; j 

s : ^32gS.3d : ^29$S3 ^ =: fpace (uoifonnly) defcribed in the 
time t. Then (p. 129) ^ : 2,302, &c. x log. : • 

2293.33 : 229*5 ; therefoi^ 8293.33 X 2.3QS58 X log. 
T -I- t T + t 

■ x = -29 "^ i and log. = ,043461 ; and therefore 

T + t T 1 Q t 

■ rr ■ = 1.105ti aad rp--; — = = — t.and — — 

• T T+t ia05 10*' T + t 

= — ,nearly. • ; 

[fb. or as 75 (Q'») to 1 nearly.] In Fig. 3, PL 5, 1. H. Let 
SA =s rad. earth = «094y674 feet, AB = 1, AF z= 200 
miles 2= J0j6000 feet ; then, by cor. pr. 22, II. Aa — Bb : 
Aa — Ff : : thin : thnz ; that is, AB X SF : AF x SB ; :, 
or 1 : 1005325 : : thin : thnz : : (by fch. pr. 86, hyperb9laj • 
Iqg. AH — 1<^. BI : log. AH — log. FN ; becaufe water is 
860 limes denfer than air, and the incumbent weight of the 
atmofphere at the furface of the earth is about = weight of 
S3 feet of water ; therefore the weights (and coufequently the 
denfities) in A and B are as 28380 and 28379 ; whence AH 
or St = 28380, and BI or Sn = 28379 ; and log. AH — ^ 
Jog. BI = ,00001^2, log. AH = 4,4^124; therefore 1 ; 
J005325 : : ,0000152 : 4,4530124 — log. FN ; and log. FN 
= — Jl,]730. And therefore FN = ,000000000015, and 
denfity in F : denfity in A : : 15 : 28380000000000000 : 
or as 1 : to J.8900OOOOOOOOOOO, which is lels than 1 to 
750000000000)0 f but the computatioa will yaryasthe radioa 
cf the earth, the denfity of water and air at die . earth, is 
fuppofed to vary. 

[lb. and hence the, 8cc.] as before (by pr. 40, fchol.), fince 
denfity of water : to denfity of air 200 miles from the earth 
: : 645 (0'^} : 1. Space defcribed in tw« T = 172 {0'% And 

L4 
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Y'. log. X a^Oa, &c. : 1 172 (O'O X ^ C= ipacedc- 

fcribedia time t) : 2792260000 — fpace Jupiter defcribes ia 

T + t 

1000000 years. Therefore log. — ^— = ,00000000705. And 
T 4- t T 

i-^s= 1XXXX)00017; and ^^r^pj = ,999999986i and 
= ,000000014, which i» kfe tban 



^ — „ 1000000 

[Pr. IS, are almoft as l6, &c.] for (by this and cor. ^, pr. 8) 

accelerative force of Jupiter towards Saturn : accelerativcf force 

1 

of Jnpiter towards theSon : : fi5 x — ^ : l6 x 1 : : 81 ; 

{Pr. 14, fcbol. And hence we may find, &c.] For, by C9r. 

7, pr. 66, I. the apfides of their orbits move in cottfeqnentia. 
And, by cor. l6, of the fame, the motion of the apfides of , 
the body P (Pi. 21, Fig. 2) will be as the periodical time of ! 
P dire^ly, and the fqaare of the^periodical time of T is- | 
verfely ; that is, as the periodical time of P (becaufe the pe- y 
riodic time of T round S, or of the Sun ^und Jupiter or S«- ^ 
turn, or (which is the fame thing) of Jupiter or Saturn round ^ 
the San, is given) ; that is (by prop. \5, 1.), in the iefquiplicate 
ratio of their diftances PT. 

[Pr. 19, in the duplicate proportion of tbe rad. to the co- 
fine of lat.] (Fig. 50) for (by cor. 3, pr. 4, 1. I.) centrifiigal 
force at the equator : centrifugal iorcc at a from the axis 
( = ab) : : rad. : cof. lat. : : r : c. Alfo the force d'lre&l^ 
firom the axis : force diredUy from the earth : : ab : be : : r ^ 
c. Therefore, tx equo, centrifugal force at the equator : ceo* 
trifugal force dire^ly firom the earth, at a : : rr : cc* 

[lb. but by computation (from] Let (Fig. 61) 6C sis' 
101, BP = C = 100, PE = X. Then will ED' ^ 

H. X cx — XX. And ER» = ipD» =s ~ ~ x» + And I 

CC C CO 

w'lt cc— tt ! 

ERs —X + x*5S (fuppofe to) v^r*x — 

c ' oc 
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Whence the fluxion of the area PQRE is = i»x — 8x*|ii = 

And the area PQRE = ?,rxi _ 

3^4i»xV 3.5X . , 5.SX „ 7.S.SX ^ 

jOTp-&c = i«#- — A + j^.B + g;^^ C 

+ ,V Cq + H + = (when x = c = 100; and 

, . cc — tt , tt 

« being zz — ~— = ,0201 ; and r* =s - = 102,0U =:) to 

6693,39. And PBM = 5000. Whence PQRiM = 1^93,39. 
Therefore, by cor. 2, pr. 91, I. force of. the fplieroid : force 

of the fphere : : (when P and A coincide) AS — 

Co* 

. AS PQRM 4 X 1593.59 , 

-^'-'^ cs^ = *^'-^ 1^— "^ '''' 

: 1 : : 126 : 125. 

[lb. p. 190, if the denfiQr> &c.] this will appear by eoiw 
.fideringwhat went before, and cor. 3, pr. 91, 1. 

[lb, but if the diurnal, See] for the (centripetal or) centri- 
fugal force is as tlie fquare of the velocity when the rad. ii 
given. 

[lb. 191, — augmented in proportion as the force of gra* 
Tity is diminiflied] for, reviewing the former calculation, if 
thedenfity of the earth were greater than it is, the force of 

gravity to the centrifugal force would be greater than in that 
proportion of 289 to 1 (and the two diameters would be in a 
lefs proportion than 289 to 288 ; and al^ the diameters would 
be in a iefs proportion than £30 to 229) ; confequently the 
ratio of the difleience of the diameters to either decieales as 
the gravity increafes ; and, on the contrary, that ratio in- 
creafcs as the gravity decreafes. And upon this depends the 

foregoing proportion, as'A : Jj^: :^ : 5L. 
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[lb. line 15] wad ^ X X -V to 1. tn tbe on- 

gioal. 2d edit, it is ~ x ~ x — to 1, or as 1 to 8. 

[ Pr.20(Fig. 52). Whence arills this theorem] for let nkyn 
he a circle circumfcribed round tbe ellipiis nbyi ; then khm : 

fbc ( = ) abd : : kt» : fg». And ab = ^ iff * But, be- 

caufe khm and kt are given, and bd = (nearly to) 2kt, which 
is given, therefore ab a fg* : but the difference between the 
weight at n and a is as ( at — bt = ) ab. Therefore the in- 
cieale of weight is as fg\ or the fquare of the fine of lat. at 

nearly, or (by trigonometry) as the verf. of San. 

[lb. and the arcs of the degrees, Sec] The length of a de- 
gree is a rad. of curvature, and in the points n and h are (by 
ex. 1, pr. 19, fedi. II. curve lines) as the parameters of ny 
and hi; that is, as hi' to ny^ or 229^ to 230* ; that is, as 
416637 to 57382, as is infert^ in the table, p. 247* 

But to find the rad. curvature at b, we have (by ex. % 

pr. 5, feA, 11. Fluxions) mH = y + ^ ^ ^ y^ ; and, 

abb 

therefore (putting s for the fine of the angle nth), rad. cur- 
vature mC, at b z: ^ + ^ ^ - 1 ^ y* == (becaufe^ is a 

s abbs s 



4 X a — b 

given ratio) R + ■■ Ryy, very near, R bei^g ib« 

radius of curvature in n ; and, therefore, the increafe of this 
radius, which is as the increafe of tbe degrees, is as yy or ss 

nearly. And here a — b being veiy Ikiall, fliL^LZl^ K is 

abb 

an extremely fmali quantity^ 

[Pr. 23» — which I cannot here defcend lo explain.] Since 
the Moon's orbit is more eccentric than thofe of Jupiter's fa* 
telltles, the motion of the Moon^s apogee will he greater 

in piupuition than the motion of the apogee in any fa» 
telii e. 

[Pr. 27. The area, &c.] (Fig. 53) For the moment of the 
aiea is cc ch x ad. But ad « angle bed x cb s bo* 
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my motion x cb. Theieluie area a, cb* X Lorarj 
tnotion. 

[Pr. 28. But the attradion of the moon;] for let A = at- 
tradtion of P towards T. Let the attradion or force LS be 
lefolved into the two, LM, SM, the firft adlng towards 
the latter towards S. Then the whole attradion of P to- 
wards T is A — ST + LM — TM. Let A — ST = F. 
Then the attradion of P towards T in the fyzygies is F — 
2AT; and in the quadratures F + CT. By prop. ^?,5, F : 
ML : : 178725 : 1000. And the forces SAT and CT wiU 
be to each other as fiOOOAT and lOOOCT ; that is, as 

^^^^ 9 and ^|?^^« And 4be force F in the fyzygies 

and quadratures will be as 178725 direcUy, and the fquare 
of the diilance from T reciprocally. Therefore, &c. (Note, + 

SOOO 2000 
^ ^ ^ is faiiiely printed for — ctHTN* *° ^ ^' ^^^'^ 

[lb. — Quadrature in C ; or, which — ] fui CTP : CTp : : 
angular motion of the moon from the fun's quadrature : to 
its angular motion from the fixed point C ; that is (becaufe 
the given circumference, or one revolution, is to be defcribed 
in either cale), : : periodic revolution \ fynodic revolution. 

[lb. But by computation I find,] with (Fig. o4) the ra- 
dii TA, TC, defcribe the circles Ale, Cic ; and let AZ, Cz, 
touch the ellipsis in A and C ; and take AI to Ac, and Ci to 
Cc, as < CTP to CTp (Fig. 5, PI. 10). Now in order t^ 
determine the curvature of the orbit, fuppofe the point a to 
coincide with A, and draw the parts of the orbit ARO, Cro, 
which will pafs between the elliplis and circle ; for TO or TE 
is lefs than TL, and greater than (TA or) Tc ; and To (that ig^ 
Te) is lefs than TC or Tc, and greater than Ti. Draw the lines 
TB, Tb, fo that AB = Cb ; and let the points A, I, C, and 
dfo C, i, c, coincide; and the curvatures of the elli|)iis, orbit, 
and circles^ at the points A, C, wiil be refpectively as 1)L, Bll, 
BT, and be, br, hi. And the dilTeronce of curvatures of the 
ellipfis and circles, and of the orbit and circles in A, C, will 
be as £1, RI, and ei, ri, refpcdively. But Ki : £1 or OC 
(becaufe TE = TO, and TI = Tc : :) AI* : Aq* (lem. 1 1, L) 

: : CTP* : CTp*. Whence Rl = EI x ~^ = BT^ BE 
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X Alfo l i : oc, or ei, or be — bi : : Ci* : Cc» : : CTP* ; 

dp » . 

^ CTP* 

CTp*. Whenee ri = be— bi X-^^. But in the O 

TA, BI, AI, or AB, and 2AT, are and in the o TC, 

AB^ 

bi, Ci or Cb, £CT, are ^5 whence BI =: and bi = 

^ . Alfo in the elliplis BE x 2AT : BA* : : AT* : TC*; 

and be x 2CT : bC* : : CT* : AT\ Whence BE = 

/L,^^- ; and be =: ^^Trr^nr^ Now from hence the 
£CT* sfiAi 

eorvature of the orbit at a : curvature of the orbit at C ; : 



BR,orBI — IR:bror bi + ir : : ^ — BI— BE x 

CTP- Cb- _,-T— ETx . X ' Rl 

CTp*' ICf^ ^ CTp* • £AT CTP- ~ 

Cb* CTp* ^ , ^. AB* ^ CTp* 
+ BE:^r>< cnTT + t)e-bi::55^X-gfjp3r - 

AB- BA* X AT ^ CTp' bC^ x CT Cb^ 

"533^+ afO^ *'2CT^ CTP* qAT 2CT 

CTp* 1 AT CV L. 

AT X CTP*"^ AT TC* ' CTP» xCT*^ AT* CT 
CT p'.-CTP' . AT CTp'-^CTP * . CT . . atj x 
• • ':^T X Cl'F TC^ CT X CTP^ AT* ' 

— Lg^,— — . X AT X CT : CP + — ^ 

X AT*. 

[Pr. 2g. The tangent of the angle (Fig. 55) CTP, &cj 
On the axis DC defcribe the circle CdD, and let the line Tb 
revolve uniformly to d in the fame time that TP revolves 
to A, and defcribes ' areas proportional to the times in the 
ellipfis CAD. Draw be || to dT, and draw Tb, TP. Since 
the circle and ellipiis are defcribed in equal times, parts pro- 
portional to the whole will be dclcribcd in any equal times. 
Now area ellipfis : area circle : : TA : Td ( = TC) : : eP : eb 
: : (ePC + ePT =) TPC : (ebC + ebT=) TbC ; therefore the 
point in the circle is at b when the point in' the ellif^ i» »^ 
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P. BotTA : (Td =) TC : : eP : eb : : tangent <;eTP: 
tangent < cTb ( zi: < of the mean motion). 

[lb. Square of the fine of the angle CTP.] Thefe things ate 
plain from prop. 26^ where Pd (Fig. 4) is the excels of the 

PK* 

momei^t^ and is as -p^* 

[lb. which we may effed^ &€.] (Fig. 56) Let A be the 

area defcribed by the moon in any time, arc CP =: r := ra« 

• 

dius TC, PK = y, TK = u, t = tan. PTC. Than A = 

r= yx, and A = Fl. : yx = area CPK. But TPC expieflbs 
the mean motion, and tlierefoftB TPK. is the equation, which 
is as TK X PK, or py. 

• rrt 

But, by the nature of the circle, z =a ; and fincc 

' rr + tt 

t is in a given ratio to t (or as .3123 to 69), therefore z is as 
rrt t 

' — X TK,ory x TK,orasny. Theie- 

rr + tt s/xx -f tt * ^ ' ^ 

fore, decrealing the tangent in the fubduplicate ratio of 1 1073 
to 10973> or in the fimple ratio of 69 to 68, 6877 ; acceleraite.9 
the area in proportion of PK', as it ought to do* 

[lb. — in a proportion coinpounded of the duplicate, See] 
for (by cor. pr. 66, ]. I.), all angular errors are as the 
fquare of the time of the moon's revolution dire6lly> and the 
fquare of the time of the earth's revolution inveifeiy ; that is 
(by pr. 15,1. 1.), as the fquare of the time of the moon's revo- 
lution diredlly, and the cube of the earth's diftance from the 
fun inverfely. 

[Pr. 30. And this force, by prop. 25, is, &c.] The force 
SPK : force ML : : 3lT : PT (for thefe are the fame), . 
and force ML : centripetal force by which the moon revolves, 
8cc. : ; 1 : 178|| (by pr. 65); therefore, tx equo, force 
3PK : centripetal force the moon revolves with : : 3lT X 1 
: PT X 178i^; or as IT : rad. x 59,575. 

£Ib. the half of which the moon] it (hould be, which the 
moon, by theai^on of the laid force, as it isin the firft edition. 

[lb. And the angle PTM (Fig. 57) is equal to the angle, 
^c] for in this qv^q LM is perpendicular to MP* Let PR 
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be a tangent to the point P ; then the triangle RPT is a right 
one; and angle RP.M = angle PTM. And angle LPM : 
< (RPM =) PTM (when the radius is PM) : : LM : KM 
: : force prodocing LM : force producing RM : : 1 : 59,575. 

[Pi . 31, cor. and the decrement is to the remaining motion 
as 100, &c.] The motion of the iiodcs in the octants : motk>n 
in the iyzygies : : li073' : 11023'; : (becaul'e 11073, 110-23, 
10975, are in arithmetical, and nearly in -H- progreQion) 
11073 : 10973; and decrement : remaining motion : : (11073 
— 10973 =) 100 : 10973. 

[lb. but the decicment] (Fig. 58) for the decrements are 
as the forces and times, or as the whole motions and times; 
that is, decrement at H (or increment at h) : decrement at 
A : : mot. at H,'and time : mot. at A, and time : : (that is, by 
what went before) as mot. at il x yy — i-rr : niOt. at A X 
rr — irr (or mot. at A X ^rr). This reafoning being v ery ob- 
fcure, you will find the motion of the nodes clearly inveftigat- 
ed in (prop. 5, fe6t. 6, and cors. of) my Aftronomy. 

[Pr. 32, it is drawn back again] that is, fuppoiing the place 
of the node given. 

£Pf , 32, I^ow the area of the femi-circle] For let IS T = 1* 

AZ y, TZ = x. Then eZ = ' ; and Ae (AZ 

9.0827 + yy 

_ ^Z) = ^ ^-^^^"y — . But vy = 1 — XX, therefore Ae =: 
9.08g7 j/T— XX ^ b^l V 1— XX 1 



10.0827-— XX b — XX * ^ b hb * 

&c, X into \< I— XX, putting b = 10.08276, and the. 



1 XX X 



4 



fluxion area NAe = b— 1 ^"jf* + 'b;jbr'^ ^ * 

. 11 

▼ 1 -r- XX ; whofe fluent (by form 17* Fluxions) = -g- + -jgj 

+ ~> Sec. X b — 1. 9 (putting 9 = quadrant, or 
sr .92435 0, therefore half the area I^Fn ==: .075650. And 
the aiea (or quadrant) is to the aiea ^ , pr the femi- 
circle to the whole ajrea NFn, as 1 to .07565, or as 793 to GO. 
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{Prop. 33, will nearly agree with] let N ss 1949 3 55, 
p = periphery of KAn or DFB, £ the eqnalioD^ S =: 

Then NAZ reprefents the mean motion of the nodes for the 
arc NA, as N does for the whole circlej aad NAZ is the. 
true motioii ; aad ATZ is the difierence proportional to the 

equation. Divide by |r, and then p : ^ : : N : E, or p : 

: : IN : E, that is, p : S : : : E ; whence if HF = 
then (by conftru6lion) AD : CD : : p : |IN : ; S ^ E. Sup- 
pofe S an arc in DF^ then S6o : : : degrees in S : E > but 
deg. in S (in the circle DP) : degrees in DG (in the circle 
DG) :: AD : CD : : (by conflrn^lion) S60 : ^lV in degrees : : 
degrees in S : E; whence the degrees in DG =. E, or th^ 
ani^le DAG = equation. 

£ib. cor.] for in the fyzygies the areas ANZ and eNZ va- 
niih ; and NA is g(f when they are in the quadratures ; 
and whdi in the odants the fine of fiF = St^O 1 ; tbei^^r 
fore, 



[Pr. fi, p. and hy the dembnftration] the angle ATN* 
will be the diftance from the node's true ()iace, hy conftradlion. 

Alfo the mean motion of the fun in the time NA : mean 
motion of the node from the fun in the iame time : : (mean 
annual motion- of the fun : mean annual motion of the node 
from the fun : : (by pr. 1) area of the ellipiis : area of the cii:*. 
de : :) fBN : TFN ; but TBN was the mean motion of the 
fun in the time NA; and therefore TFN is the iiieiin motion 
of llie node from the fun in that time NA; and FFN the an- 
gle of the mean motion^ or the diftance of the fun from the 
mean plane of the node. 

[Ih. cor.] foi* (Fig, 59) let atn = nth = 45^ and fe JL to at ; 
then fc is tlie fine of fta, the As fdb and bth arefimilar; there* 
fore fc : f b : ; l)> ; bh ; and^ by ^ompoiltion^ f b : ct^ or at : : bf : 
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fc ; and^ by inveriion, fc i& to at, or kt : : f b : f or by : ! 
JcH : Hid, or tk + tH. - 

[lb. bat tbe fine of] draw oz ± to it, then oz is to fc io a ra- 
tio compounded of (or to fb or of) os to fg, and (the fine of 

orz or tis to the iii.c ot i'bc or tbg, that is, of) ts to tg ; that 
is, in the couipound ratio of os x ts to fg X tg, that is (be- 
caul'e rad. ; coiine : : fine : fine of tiie double arc, and 
therefore tbe redapgle of tbe fine and cofine being as the fine 
of the double arc), as fine of £otn to fine of 2ftn, or ra* 
diiis. 

[lb. fch.] for TS : (TS + SK =) TK : : ,360^ : (S6o^ + 
39%6365 ;=) 399>C355 : : 9,0827()46 : 10,082764G. There- 
fore TH : TK : : Vg^oe^TBSiT: V 10,08, &c. And therefoie 
TH : HK : : 18,6524761 : 1 : : TS : SH : : mean motion of 

the fun : mean motion of tlie node = 19° 18' 1" 23"'^. 

Laftly, TK + Til (= 38,224^8) : KH ( = 1) ; : rad. : fine 

of 1° ; ^29' ; ^T' (hy cor.). 

[Pr. $4, cor. 12, with due regard] for whilft p moves ftom 
Q to F, the fum of the areas is comprehended by TH pro- 
duced, FQ, and tangent to Q ; but, in moving from F to q, 
the line Hp falls on the other fide of the circumference, and 
the fum of thcfe areas is that comprehended by FT produced, 
Fq, and the tangent to q ; and the diiference of tbefe areas 
is the femi-circle generated in the time of defcribing QAq ; 
and in the time of defcribing the whole circumference the 
whole circle will be generated. 

[lb. cor. 4, that is, as the diameter] Sui)pofe Qp to be the 
double diila nee of the moon from the quadrature? ; MK the 
fine thereof. Then Kk : IVIp : : MK : radius. And the fum of 
all the Kk's, or the diameter : fum of all the Mp*s or QAq : : 
fum of all the fines : fum of as many radii, or half as many 
diameters. And, therefore (multiplying the antecedents by 
Pp 

and the confequents by 2), the fum of all tbe fines X 

: fum of as many diameters : : diameter x ^ : wliple 

circumfereuce. 



Digitized by Google 



ON THB PEXNCtPIA. ' . .161 

fPf . S5f by the fame increments as tbe (iofe of inotinAtioii 

doth, by cor. 3.] For if AEG be double the diilance of tlie 
nodes from the quadratures> G£D will be double the diilance 
df the nodes horn the fkn ; and ibey both have tbe fame 
fine.. 

£lb. Ibhol.] Here are feveral parUcolars about &e moon's 

motion barely laid dow n^ many of them being taken only from 
obfervations. * ' 

[lb. p. 2d5, The force of this a^on is greaterj It is greater 
Ibe nearer it and attra6b tbe moon from the earthy and fo 
dilates tbe oibit tbe more. But tbe farther cfff, the kls fbroei 
and the Ids tbe moon is drawn tom the eartft. And at a 
greater diftance fbe moves ilower^ and at a lefs diilance 
fafter. ' 

[lb. farther^ I found that the apogee] by cor. 14> pr« 16* 
b. I. And if a be tbe fun's mean diftanee^ and a H- x any 

other diflanoe, then the motion will be as - ^ or^-^ 

a + X* a' < 

_9 or — X 1 — —9 and the equations, as -9 or as x. 
a* a* » . a 

The motion of tbe fan^ that is^ tbe angular motion^ is lect^ 

procally as the fquare of the diilance. 

[lb. but if the motion^] let v be the velocity^ m the mean 

\ 1 fix 

motion of the fun. Then if v be as ■ or = 

a -f ic* aa a' 

m — — m^ then the equation is « — m. But if v be as 



a * a a 

or -i. ^ = m ' — ^ m. then the equation is 2?m. And ^ 
a* a* a a 

fix 3x 

the fir& equation to the fe^ond is as — m to — m, or as fi to 3* 

a a 

Aod bence the greateft equation of the apogee and nodes (fuUi 

of all the m) : their mean motion (m) : : 2° 54/ 30" : 
a 

fun's mean motion j tlie greateil equations being as the meaift 
xnQtions. 
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" [lb. ji. e36. ^ the ikxtaey of granrity I Hkefcrife fotitia] For 

then the moon being nearer the .lVin (in all points ol its orbit 
taken together), the fun's force mult be greater, 

[tb. p« «37. By the fame theory of gravity the aiSlion J 
For wbea libe fun is in the line of the nodes, its whole tbrce 
is exited in moving ihe moopi, and ndbe in uovlng the plane 
of its orbit. 

[lb. By the fume theory of gravity, the moon's] by cor. B, 
ipr. 66, b. I. 

[Pr. d6> in other pofitiont of the fan,] hy the feafbning iii 
cor. 19, pr.^ h L depceffioilof the water at P : afisent at P 
in the dit^akm PH : t (LM :.TM : :) FT : dPK; and afdent 

nt P in direcSlion PH : afcent at P in dircclion TP : : (rad. : 
S.PTK : :) PT : PK ; therefore ( ex equo ) depreilion at P : 
perpendicular afcent there : : '(PT^ : SPK* : : |PT* : PK»; 
but the *force PT that deprefles P is given, therefove the force 
to ntife the waters at P is always as PKS that is^ as the verfed 
fine of 'ZVTCj or twice the fun's altitude. 

Alfo the effecls of thefe forces (by cor. ]4, pr. 06, 1. I.) at 
different di (lances from the fuu are reciprocally as the cabes 
of thefe difianoes; and, therefore^ 

. Cor. I. The fun railes the, water i^ider.it to one Parts foot 
and 11^ inches. 

[Pr. 37, but becaufe of the reciprocation] fee pr. 24. 

[lb. and the fun's force in — ] (Fig. 60) let A be the po* 
fifcionof the « moon, and AI'P = angle the fun and moon 
inakte at thie earth's centre ; and let PT reprefent the force d ' 
the fun, which divide into the forces PK, KT, PK, adding in 
the diredlion of tiie moon, inereafes her force ; KT acting in a 
different diredilion, diminifhes it ; and therefore PK — KT 
*(or the difference of the fine and cofine of the angle ATP) is 
die abfolate increafe of the moon's force : but this differs not 
moch from the cofine of double the* < ATP (in an angle of 
18°i the diil'erence =r ,6310189), and in the arcs 0° 45° 90"* 
they perfectly agree. Or thus :* 

Let qc = moon's force, ca =: fun's force (Fig 61). If the 
fun is in n, let < ace =: 8. < acn ; then qe or qb =: fnm 

« 

3 
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the forces, cb fun's force, in that ppidtjon = oof. of 2 
< acR (Fig, 6g). 

' [ih. But farther ; the force of the moon] ha let FT be the 
whole force of the luminary in the i)lace P (or in D), the other 
fide of (the earth or) its parallel ; the force DT = the two 
forces DK, KT. When the luminary is in D, the force to 
move the water in the direaion TP is TK ; and the di^&rtnce 
of theie, or (TP ~ TK ar ) PK, is the difierence of the 
forces in the points Pj D ; or the ablblute force to move the 
Tea at the iat. CTP. But PK is a a line of ATP, or as a 
cof. CTP. 

Then 6nee L •f S is the whole force when the moon is near 
the fyzygies, and L ^ S in the quadratures^ therefore 

0,8^70327 L m lift be ilibititutcd for L only in the quantity 
L — S, which reprefents her force in the quadratures. 

[lb. from wlience we have] alio 1^17^22 L muft be fub- 
iiituted for L in L + which reprefents her force in the fjr- 
zygies ; and 0^830427 L for L in L — ^ S> when ihe is in the 
quadratures ; for thefe reprefent her attra&iv^ forces ia 
fyzygies and quadratures. 

[Pr. ^38, as the accelerative gravity] for if the diameters be 

given, the forces to raife the wfiterwill be qc abfQlute forces^ 
and if the abfoiu^e forces are given (the fpheres will he re- 
duced into fimilar fpherotds, for)> the perturbating forces will 
be as the diameters (for the perturbating force is a FT, Fig. 
pr. 25). Tliercfore, if neither be given, the forces to raife 
the water in the moon and earth are in the compound ratio 
of the earth to tb^ moon^ and the moon's diameter to the 
earth's diameter^ or as }(fQO to 100; theretbie the water rifes 
to leet in the moon. 

^vo notice is taken here of the tides being lefs by reafon of 
the muou's motion round the earth, than if Ibe iiood ilill in a 
given po0tion. Since the mp^on of the tides reaches 9(f for 
every ebbing and floyving, it would feen^ that the faid mpiipi^ 
cottld not.be propagated through g(f to its grefiteft beightj ill 
tlie time the moon Itays in tlie meridian. But (by a compu^- 
tatiou from pr. 44, Ih) U appears that water will ofcillate in 
a canal of 90'' in length in I of an hour; ftnd therefore in ^t 

Ms 
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time the tides will be propagated to tiiat diftanee, and rife to 
their higheft ; but the poiition of the moon in that time is 
not fepfibiy altered ; w\d therefore the tides would rife no 
higher, though flie were always to ftand in a given pofition. 
But this fuppofcs that there is depth enough of fea to fupplj 
water fullicient for the purpoi'e. 

[Lem. 1 to pr. 39, to recede towards this fide and that fide] 
that is, ail the parts of AC to a6t in a direi^^^ion towards tbr. 
fun; the parts of C£ diredUy from it. 

[Lem. 2, The matter in the circumference of every circk 
IK] by this is meant the circular ring (in the plane of the 
circle IK) comprehended between the furfaces of th^ fphere 
and fpheroid. 

[Lem. 3, about the fame axis] he means about its dur 
meter. 

[lb.] I. Let (Fig. 63) ABD be a fpherical furface, and 

AEFD a circumfcribing cylindric furface, and their tuiniiioa 
thicikneis the inhnitely fmali hue Bb or Aa. Divide AC into 

an infinite nnmber of equal parts •= in =x» and eredthe 
planes id, ne; then the furfaces of the fphere and cyKoder 

comprehended thereby are equal. Now, flux. mot. cyl. fur- 
face : flux. mot. fph. furface ^ : (as their matter X velocity, 
* ' • • 

and the matter b given^ and therefore as) CB x ac^ or id X x 

: uf X X. And mot. cyl. furface : mot. fph. furface : : as all 

the CB X X : to all the af X x : : AD* : area of the cirde 
ABJD6. 

Again ; let (Fig. 64) ABD be a fphere, and AEFD its cnr- 
cunifcrihing cylinder ; EGA a cone, all revolving round AD. 

Divide BC into an infinite number of equal parts = bd =: s. 
Through the points draw fpherical furfaces bgd concentric to 
' ABD, and cylindric furfaces hi' terminated at the hue EC, 
Then (by what went before) mot. cyl. furface bdt': mot. fph. 
furface bdg : : AD* : circ le ABDG. Therefore mot. all cyl. 
furfaces, or the foiid £BG : mot ail the fph. furlaces^ or die 
fphere : in the fame giv^n ratio of AD^ : to circle ABDG. 

Farther; fiux.mot. cyl. (Fig. 65) round its axis oc flax- 
mot. X velocity^ that is, a ef* x x^ of x^x. And the 
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whole motion is a — • Aad therefore the motion of a cylin- 

der round its axis oc length X cube of its diameter X den- 
lity; or as its weight X diameter. 

Laftiy (Fig.66); let£BGAbeacyUnd.and£CAacone. Then 

flux. cyl. mot. : flax. con. mot. : : AE' x x : ba' x x:: CA' ^ i 

• • • 

: Cb^ X x« or as r^x : x^x. Mot. cyl, round its axis : mot. 
cone round its axis : : : -~ : : (when x = r =: CA) 4 ; 

1. Therefore mot. cyl. : mot fig. EBC (=: diflerence of 

mot. of cylinder and cone) : : 4 : (4 — 1 =) 3. Hence it 
follows, 

Mot. cyl. : mot. fol. EBC : : 4 : 3 

Mot. fol. EBC : mot. fphere : : diameter a : cirdcj 

Therefore, ejre^tto> 
Mot. cylinder : .mot. of fphere : : 4 diam. cd : 3 circle. 

Or, ' 

Mot- fphere : mot. cylinder : : 3 circles : 4 diam. fquare. 

II. Flux. mot. cyl.:flux. mot. of a ring (or periphery)(Fig.67) 
of the fame diameter and matter : : (as velobity x flux, mat* 

I 

ter, as) x*x : rxx. And mot, cyl. : mot. ring s : — : — 

: : (when x = r) 9 : 3« And mot • cyl. : mot. any ring : : 3 
cylinders : 3 rings. 

JH. Let (Fig. 6S) ED z, and let z be given; then yz =: 
rx« Now flax. mot. ring round C : flux. mot. ring round A B 
: : rz : yz or rx. Therefore mot. ring round C : mot. ring 
round AB : rz : rx : : (when x rs r) AD ; AC : ; circum- 
ference : 2 diameters. 

Therefore from the 1% dd, 3d, art. it follows, exequo, that 
the motion of a fphere : motion of a ring round their axes : : 
as the matter in the cylinder and ring, and 6 x circumference 
X circle : C4 diam. cube : : or as fquare of the quadrantal arc 
: to fquare of the diameter : : ; that is, as matter in the cylin- 
der to matter in the ring,- and Ql685 : to 100000; or as the 
matter in the fphere to the matter in the ring, and 925275 to 
}000000. 

M3 
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[Pr. SQ, (for the reafons above explained),] for (by coc. ^, 
pro[). 30) mean horary motion of the nodes : 6" 35"' l6""36' : : 
A7J : AT'. And the fiim of all the mean horary motions 

througliout the year : turn of as many l6" 35 ", &ic. : : fum 
ot all the AZ* : Turn of as many AT* : : (by lem. 1, prop. 39) 
1 : 2 ; ibr the diurnai rotation and annual moUon of the earth 
aie fuppofed uniform. 

[lb. But bccaufe the plane of the equator,] For, by prop. 
SO, the difiiubing force is as ^PK (and in that prop., the in- 
clination of the planes being fmall, is not taken notice of) ; 
but when the plane of the orbit of P is inclined to the ecliptic, 
the line PK is proje^ed into pK^ and the force will therefore 
be diminifhed in the ratio of PK to pK^ or as the radius to 
the cofinc uf inclination; for the difference of the diftances 
of P and T from the fun become kfs in that proportion, and 
the diiference of the forces are diininiOied in the fame ratio* 

This being a propofition of great difficulty, depending upon 
very intricate calculations^ which few people are judges of, 
for this reafon, the author's demonftrations have been objcd- 
ed to, and eenfurcd by fome poo[)lc' as not true. And Mr, 
Simpfon (in his Mifcellancous iVacts^), mentioning fome of 
tbefc cavillers, falls into the fame notion. He has invented 
a fort of motion (which he calls Momentum) unknomrn to 
Sir Ifaac Newion, or any body ( Ifc, and which differs from 
Sir Ifaac's in the ratio of SOOOOO to g<l57'25. But I never 
before heard of nny motion that was not made up of the 
quantity of matter and velocity. 

Another frivolous objeclion he niakes^ is^ about the motion 
of a ring being different from that of the equator; and he 
tells us, that the motion (Momentum) of a ring round its 
diameter is only hall' of what it would he when revolving in 
its plane round the centre. But it is more than baii^ for it is 
d.]4l6 

as 1 to — , as is demouflrated in art. 3. What he 

writes afterwards (though he fays it is evident) is not intelli- 
gible. i>ut he concludes at lalt, in his way, that Sir Ifaac 
INf wton has made the preceilion (by the l'un*s force) to be 
but half pi what H ihould be ; and as fome he mentions had 
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made tb«. whole propofilj^a jemnemiBy lit tnodeftly afcribes 
but /II70 mifiakes to Sir Ifaac in this one propoiition. B«t> 
*I believe, that whoever reads the foregoing notes will foon be 

convinced that his demonilrations are all right; and that all 
thofe blunders ihey tell us of are entirely of tlieir own ujak* 
ing, and muil be afcribed to thenifelves only, ' . 

[Lem. 4, p. Wheiefiire if both the quwdtity of iigbt J 
for quantity of light is as thequaiitity the body receives ffom 
the i'un directly, and the fquare of the diftance from the body 
reciprocally; that is_, a fquare of the apparent diameter 
dire<Silyj and iquare of the body's diiiance from us recipro- 
cally : therefore the body*8 diilance is as the apparent diame- 
tec dtre^y, and ^ light reciprocally. 

. [Pr. 40, cor, 4] For then the parabola and earth's or- 
bit touch in thevertaXj and the area tbeie will be =: | ve^ 
locity X diftance^ or radius, or | parameter; that is> st^ 

— ^ ,-. • ana ;r K>r the diurnal and 

horary motion* ^ The reft ii pliatn, from pr. 14, 1. 1. > 

[Leni. 5.] (Fig. 69.) For the ordmates AH, BT, CK, 8ac; 
put a, S^o. ,and iaJke.the diiiereaoes aa i'oUow i . 1 



t r 



b 2b 3b 4b ^b ; 

c Sc 3c 4q , / 

d ' 2d ■ 3d . 

e 8e 

'f. • ' 

Now to find'aiiy ordinate, as 4a, we have 4a =: Ja — 3b 
= 2a — eh = a — - b • f 

— 2b -r 2c — 2 X b + 2 X c " " ' 

-I- d r= a — S.b + S.c — d. ' 
Aedfo of others. 
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Case 1. If we (ubilitute for r, their equals^ we 
(ball have^ 
Il$:;:a 

-fbx^SH 

M«« SX 

+ t X — SH >c — T- 

hi 

SI SK . ^ 

SI SK SL 

SI SK SL ^ SM . 
+ f X — SH X — — X — X — X &o. 

Now kt RS fall upon any ordinate, as, for example, on 
LD ; then SH, SI, SK, SL, &c. will be = LH, LI, LK, o, 8cc« 

= 3, 2, 1, o, &c. refpedUveJjr ; which being written in the 
aforefaid feries, we have 

— 2 —3 — Id 

RS = a — S.b - 3 X -yc — - 3 x — X — + 

oe = a S.b -V- 8.e — d, wbicb, by what went before, ia 

the value of the oidinatc DL; and fince this holds generally, 
it is plain this feries will give the value of RS wherever it falls, 
Cass 8. Letx reprefent any bafe HS, y any ordioaie 

RS. Aflbmey s A + Bx -f Cx x x— -P -|- Dx x k— P, 

X X'^Q^ continued to as many terms as there are ordi- 
natesj which fuppofefour; P, Q, R, &c. being refpedtively ' 
s HI, HK, HL. Then, putting AH, BI, CK, DL, fucoei* 
fively for y and o, HI, HK, HL, for x, we (hall have from 
the general equation AH = i\, BI = A + BP, CK = A + / 

BQ + C Q x Q ^ ^, Dl z:i A + BR + CR x R^P 
4- DR X R— P X R — thai isj from the %ire, 
AH c= A =r a. 

BI = A + B X HI. 

CK = A + B X HK + C X HK X IK. 

DL^A+BxHL + CxHLxIL + DxHLx 
IL X KL. 

Whence, by SubtnuSUon, 
AH— BI = --BxHL 
W^-CKs;— Bx IK^C xHK x IK. 
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CK — DLss—B X KL— C x UK H- IL X KIi^ D 

x HL X IL X KL, 

Then, dividing hy the coefficients of B, 

AH— BI 



HI 
BI— CK 



= — B = b. 

cr— B— C X HKsfib. 



IK 

ii^^^^=-B-CxHK +IL^D xHL xIL 
=:3b. 

• * * 

Agaio, by Sabtrafiion^ 

b— 2b = C X HK. 
2b — 3b = C x IL + I> X HL x IL. And, dividing^ 

Ob '^b 

^ = C + D X HL s= 2c. Alfo • 
c 2c = — D X HL; and 

Thos the coefficients A^ B, C, &c* are determined for fovnr 
ordinates^ and they are found the fame way^ if more ordlnates 

arc given. Then taking x at pleafare, as fappofe = HS, then 

RS or y will be a + bx + cx X x — P + dx x x — P x 

i — Q, &c. = a + b xp + cxp xIS + di(pxIS 

X SK, &c. = a + bp + cq + dr, &c. 

[Cor. lem. 8, for then AC : (= AT — U) : : AftC 
AJdy — d/xx (= Alpiy — JIpiX), and : : ASC : ASJ (Propor. 
10) ; : iAiuC + ASC =) ASC/tA : (A^dy — d/ubx + ASj s 
ASSdyA — d|ut,x = (becaufe the As xtiL and ^fi» are equal) 
ASJdyA — d/xx + xdfu — S^fi = ASjjuidyA — S^pt, =: 
AS/xdyA : : time ofdefcribing AjxC : time of defcribing Ay/x. 

[lb. Schol.] For Bn will cut the chord AC in a point a 
little beyond £ (towards C), fuppofe at e. Now the area 
AEXffrA to the area ACYftA is in fomething a greater ratio 
than Afi to AC> as fuppofe as Ae to AC, more near than be* 
fore. Therefore ASEXftA : ASC\>A ::Ae: AC. Whence 
S 
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ASBX>A (or ASEX>A) : ASCY^uA : : Ae : AC ; or ASBY^^^A 
: ASCYffcA : : (Ae : AC : :) time in AB ; time ia AC,, very 

near. \;L i : 

[Lem. 10, to the triangle ASC, thnt is,] ACjjiA 5 ASC : J 

AC X T-Mfx, : AC X ^SM (becaiire the <s SMA and A^ 

are equal, and Mfi = Ipt) : : AC X HM^j^ : AC x S\l 

: : MN : SM. And, by compoiitioD, ASCf&A : ASC : : 

SN : SM. 

^ [Lem 1 1. Subduplicete proportion of 1 to 9,] and therefore — 
And the arc in half the time = And -— -r 

Al* ' 

£SP = = ipuce dcfcribed in dcfcending.' 

[Prop. 41, and BE, by lem. 11, is a portion,] tS and ihia 

livpotlicnure (mentioned in the prop.) are the diftances of 
the earth and comet from the lun. Now BE to tV is com- 
pounded of BE to the part of the hypothenufe (proje6^ed 
into BE)^ or of BS to the whole hyp6thenii£e^ and of that 
part of the hypothenufe to tV; that is, as the graTitating 
forces at the comet and earth (for thefe lines would be dc- 
fcribed, by faUing bodies in cqilal times, by thefe forces); 
^at is, as bl' to hypothenui'e fqime;. aad iiiereiiuce BE^iitV- 
^ : BS X St* : bypothenufe cube. 

Barther (Fig. 70); becanfe of the unmenfe.diftance of S, 
any of the points B, i, fjLj are nearly in the curve of the pa- 
rabola, and |x the vertex, and f^p, iA, qtr, nearly parallel, 
yhereiorc < = (by reafon of the redaugle li^x) < pf«Ly 
6y = S/*L, Therefore is the diameter to the vertex |»; 
alfo = (by conftru<Slion) SSg + Six == SSa + Sl(* = 
3S(r + 3f*p = (becaufe ttOa- = S/^p) SSc + SOo"; and there-* 
forego -. r>^a + 'iOo- = "jOS. l^ul : f/* : : p<T : Ip. 
But fxl is bifccied by iA ; thereiore Ip = 2lA; and per = ix 
= lip (fmce Ic- = 3lA, by conflruclion) ; therefore /xO = 
|f*l. Whence (by lem. 8) a line drawn from ^ divides the 
chord AC'nearly' as the time; whence.BE drawn towards ( 
is rightly drawn. But (by conllrudioii) new BE : fonner 

BE ; : J3S* ; + .t*^|'" : : as the gravitating ibrce at the 
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diilailce'S/^ + |ix' : to graVitatihg force «t difttihofe B cAr 

ffc : : fpace fallen through at the dUlance Sj* -|- ^iA, in the 
time of dcfcribing the arc ^AjxC : Ipace fallen through at B 
or (L, in the fame time* But former BE equal fpace iklim 
through at yu. Therefore new B£ :± fpace Miisa thriMgh ^ 
the diiUnce S|x + ^\\, in lialf the- time the oomet deftsiibeg 
the arc inteiccptcd between TA, rC :r: (by lem. 11) lA, ot 
tliis IK w P>E, nearly; which^ therefore^ is rightly determined 
nearer than before. *• 

Becaufe the diiiaDte of the fun and- c6met id fomething 
more than the h jpothenufe ef the triitegle> whofe bftfe is Sfi, 
and perpendicular 10 (becaufe O is only a point in the chord, 
which fliould be in the arc), therefore he fnppofes that dif- 
tanco — hypothenule (whofe bafe is S/x -f ^i^, and perpen^ 
dicular lO/ that is) = DO. Alfo MP : X : : (by confirac- 
tion) v^St : VOD : : <by oor. 6, pr. 16^ 1.) velocity 6f the 
comet at the diftance DO : ^pelocity thereof at diftance St : : 
fpace delcribed (uiiiibrmly) at tlic diftance DO, and in the 
time of dcfcribing the arc ABC : fpace defcribed (unifoimly) 
at the diftance St, in the fame time, which is equal X, Jbj 
conftru^ion ; and therefore MP =: fpace defcribed (uniform- 
ly) at the diftance DO (in the lime that the arc ABC is de^ 
fcribed) = (by lem. 10, cor.) to thecbord of that arc. 

The })oints e, a, c, g ; and s, a, %, 7, being found out as 
E, A, C, G, before, is with an intent to find, atlaft, MP 
MN, or AC =: AG« Whewibre feveral of them being thus 
found, and a (imple curve (vis. a cirde) drawn through thefts 
' points^ finds die points Z and where thofe lines would be 
ec|ua] ; for the nearer they a[)pr()ximate to eqnality> the Deai*er 
they come to the true points of the comet's orbit. 

Farther ; velocity of a comet at Q (in as parabola) : velo* 
city of a comet at Q (in a circle) <by e6r. 7> prop. 16, I.) : : 

: I : : (nearly as) f : 1, Alfo velocity at Q (in a circle) ' 
: velocity at t (in a circle) (by cor. 6, pr. 4, I) : : y'St : a/SQ. 
Therefore, r r iqiiOj velocity of the comet at Q, in a parabola 
: velocity of the earth in its orbit at t : : yV'Sl : v^SQ.. Bui 
velocity of the comet at Q : velocity of the earth at t : : (neat^ 
1^ at). AC t T<r. Therafm AQ : : : W^} : VSQ; or 
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AC : ^Tt : : v'St : \/SQ. As it bby oonftmaioii (for AC is 

tO'^^Trin the reciprocal lubduplicate ratio of SQ to Strand 
«0t in the dired fubduplicate ratio, as is falfely printed) ; there- 
fore Q is (nearly) in the chord of the parabola, and B a 
Mint of the comet's orbit» Dearly. 

Laftly ; ifMP = MN, or AG = AC; theoYb: YB: : 
Yc : YE : : ac : AC : : yelocity in b : velocity in B : : ✓SB : 
V'Sb. But it Sb = SB and MP or AG iuvariable, it will J)e 
Yb* YB; sasac or AG : AC, when the point G falls in CY. 
Tbeieforc,piiiverfaWy,Yb:YB::AG x v'SB:AC x v^Sb 
; : MP X -v/SB t MN X VSb, to find the point b true. 

* [lb. p. 277, may be feen in the following table.] The places 
of the comet in this and all the other tablqs are the geoccntrio 
loiJgitudes and latiliidcs of the comet. 

[lb. p. 283. And thinking, &c.] In Plate 3 8, while the 
ronet pafles through I, K, L, M, *.c. the earth pafi'es ixoia 
between P and K towards G. Whence the coinet will move 
iwift through LKL and NOP; flower throogh IBM and 
QliS, as is laid in the foregoing p. 'ib'^. 

lat re^^. 

lib, p. 285, as about 6 to 1000,] for, by p. 274-6, =3 

• • 

6, nearly ; when earth's dift. 1000. 

[lb. p. e90, I (Fig. 71) found, that at the height, &c.l 
Let SA ='rad. earth 209jOOC)0 Englifli feet, nearly, AB = 
850 AF = AS, and the denfities AH and Bl are as 33 to 32, 
But (by cor.a, p. H) Aa~ Bb : Aa - Ff ; : thin : thnz ; 
a«it is, AB X SF, or «AB X SA : AF x SB, or SB x SA : ; 
thin : thnz; or 2AB : SB : : thin ; tbn;^; that ia, I : 12324 : ; 
Ihin : thnz ; : (by fchol. pr. 86, hyperbola) log. St log. Su 
•log, St — log. Sz s: ,013364 : 1.518514 — log. Sz, 
Whence log. Sz 5? — 164.820578; and SZ or FxX == 
( o*6,.elpbeii) 66 +. Wheiejbre FN : AH : : ,0^« 66 : 33 : :, 
or as 2 : 10^«* : : 1 « 10*^ : : denfily in F : denfity in A. 
But the diameter of Satnrn's orb is =: m times the femn 
diameter oftheorVs magnus = 191 X 20000 raduofth^ 
earth =: IQl X 20000 x 20950000 X 12 inches = 96 0*' 
+ inches. And a fphere of 1 inch diameter ; to this fpliercj 
: : as 1 : : U 880« + ; bat lO'** > « 0*\ TJiei^ 

fore, &c, 
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[Pr. 42.] the corredion of the orbit here given ib coin- 
pQted by the Rule of Falfe ; 1ft, for the longitude of the node^ 
bjoperatioh 1 add 2; and, Sdly^ for the indUation of the 
orbit, by operation 1 and 3. 

I. for the longilude of the node; fmce (by conftni^ion) 
time of defcribing D : time of defcribing E::D:E::G:1; 
andCtime of defcriUng E, nearly r=) time B : time A : : 1 : 
C ; therefore (ex eguo) time of defcribing D : time A : ; G : 
C; therefore G — ' C is the error of the times between the 
firft and fecond obfefvatiotts, for the given longitude of the 
node K, and the given inclination of the orbit 1. Again ; 

Time of defcribing d : tinie of defcribing e : : d : e : : g : 
1 ; and time of defcribing e (nearly =) time B : A : : I : C ; 
therefore time of defcribing d : time A : : g : C ; and g. — C. 
is the error of time between the two firft obfervatbos, for the 
longitude K + P, and inclination I ; therefore, by the Rule 
of Pttlfe, by two pofitious (which fays, diff. er. : diff. pofi- 
tloos : : either er. ; corredion of its poiitiou), G — g : G — C 

. . p . i! i p the corredion of K j or the comp^ta- 

' G — g 

tion may be thus: fince to the fuppofition K and K + P 

the errors between tlie firft and third obfervations in thefe 
* two cafes areT — S, and t — S, therefore T — t : T — S : : 

p. T ~~ ^ p = the fame corredion of K; therefore mP 
'1 — t 

(is tobe) =: yETi^ = ff^^ therefore ml — 

mi = T — S ; and mG — mg = G — C. 

II. For the inclination of the orbit, it is plain T — S = 
firft error of the times between the firft and third obij8r.vatiotts 
to the given node K, and mclination I ; and r. — & =:,errpr 
between the firft and third obfervationa to the node and in- 
xlinatign I + Q. Theiefore (by the Rule of Falfe) T — t : 

T — S : : Q : ij! ^ Q = correAion of 1. Again; this time 
defcribing 5 : time of defcribing f : : J : f : : y : 1 ; and 
<time of defcribing i = nearly) time B ; A : : I : C : «rgo 
lime of defmbing;}: A; :r : therefore y-^:C s: ^wn 
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of the times between tbe firft and fecond obfenratiom to 

the node K and inclination I + Q ; and G — C was ihe 
crrpr between the firft and fecond obfervalions to tlie nod^ 
K and inclination 1; theretbre (as before) G — y : G — Q 

Q 

1 1 Q ' 7^ Q = corredlion of 1 ; therefore nQ (muft be) 

U — y 

!= ^^Qr:5_Iz£Qj and nT— dt =T — S, and 

1 — r G — y 

llG -~ nr =: G — a Laftly; from (I. and 11.) gT--. 
flS. ^ mT — mt + nT — • nr; and SG — 2C = niG — mg 
^ bQ — ny ; therefore tbe nombcrs n^ are rightly fonnd^ 
[lb. and, laftly, if in — ] becaufe the longitudes in the firft 

aiid iecond orbits are K and K + mF, therefore the iatus rec- 

Hemt wiUbe R and R + ir — R X m ; and becaufe, in the 
£rft and third orbits or planes thereof^ the inclinations are I 
;atid I -|> nQ, therefore the Iatus rcBwns will be R and R -f 

I — R X n ; or R + r — R" X m, and R + r~^^^ X 

m + ^ — R ' X n. • 
Or thns; if the longitude K be increafisd (in op. 1, 9) hy 

P, then (becaule the diftance of the perihelion from the fun 
is increafed accordingly) the Iatus redium will be increafed 
l>y J — R J and if the longitude be increafed by mP, the iatus 

refima will be increafed by mr — R. And, for the fame 
reafon (in op. I, S), if 4he inclination be increafed to »Q, the 

Iatus redum will be increafed to iS^ — R (for at the increafe 
Q the increafe of the iatus rettum & = ^ R, fince the 

whole is or R + ^ -^'^ ) ; therefore if both longitude 

and inclination be increafed, tlie Iatus redium will be increaf- 
ed in both tbeie reipects^ uud wiU becoipe II -f- nu* — ^^R 
«|>-B^--^nR. 

AUb when K becomes K + tbe tranfverfe becotoes 

- or - ; alfo when becomes K + mP, the 



h +.1 — ii A 

4ranfverfe becomes t ■ ^ * for the fame reafon, when 

* L + ui.i — L 

-1 isinttealed Ip 1 .+ aQ, tlie traniVe^ve is 

L ii. ;^ — i4 
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• ON THE FRJNCIPIA. I75 

Therefore when bolh longitude and inclioation aie incrcafed, 

the traofverfe will then be ^ — 

L + ml — uii^ + iiA — nL 

[lb. fch. p. 307, the comet] for, by p: ^85, comet's dill, : 
earth's did from O : : 6 : 1000 : : dift. comet in O diameters 
: (earth's dift. in 0 diam. =) lOy 0 diam.; therefore 

fie A 

comet s dift. from the fun's centre =: = 654 diams. 

1000 

and from its furface = ,154 diams. = -L fun's diameter 

o 



JEW of the Comment. 
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DJEFENCJE 

■ 

OP 

SIR IS J AC NEtVTON, 

THE OjDJSCTIONS THAT HATS B££N MABI^ 

TO 

• Several Farts of the Prinofia^ 



Raro antecedcntem fceleftum, 

JDelbruit pede poBos cUudo. Hcnu Lib. 111% 

4 

This incomparable Treatife being written in a concife 
ftyle> and ia the iyothetic method^ and being upon fubjecU 
quite new and untouched before, the generality of readers 
ooold make little of it. As it contained a new fyfiem of phi« 
lofophy, built upon the moft fublime geometry, the greateft 
mathematicians were obliged to ftudy it with great care and 
attention, and few became mailers of the fubjed ; fo that for 
along time it was little read. But, at laft, when the value! 
of it became more known, it gained univerfal approbation, 
and the whole worid ftood amazed at tlie numberlefs new dif- 
coveries contained therein. And, upon account of its uni- 
verfal agreement with all the phsBnomena of nature, it was 
adopted as the oply true fyftem by all, except fome few tha^ 
through envy or ignorance, were bigoted to Ibme othe^ 
fcheme. 

It is true, many things therein depend upon very difficult 
mathematical computations not eaUly comprehended by every 
reader; and this has given occsuGon to fome people to 
queftfon, or even deny, the troth of feveral propofitions laid 
down in this work; and have therefore given computations of 
their own, different from l^is, which they aflert for truth, and 
thereby, as they think, proving his to be falfe. I ftiall, there- 
fore, fpend a little time in anfwering the moll material of thefe 
oAje^ofis, and ffliattlhevf that thefb pHncipIes objedied ugainft 

Vol. III. N 



178 A DEFENCE OF 

are all trae in the fenfe Sir Ifaac meant tbem ; and tbat 

thefe objedlioos are onlj the effe^ of their own- ignorance or 
Inattenliun. 

J. BcmoulU (torn. IV. p. 340) thinks Newton's demon- 
Araiion of cor. 4th to the laws is imperfed^ where he fay^ 
ofsfy ilu aSkm of two botUa ts eonfidered; and lays down a 
method by which he thinks it may be fully demonftrated ; 

but at lafl leaves it undemonltratetl iumielf, and tells you that 
this is the foundation^ hut leaves the calculation for othera to 
make ont. 

^'SBiit Sir Ifaac Newton, after he had (hewn the truth of the 

cor. in two bodies, ihews that the t»>mmon centre of gravity 
of thefc two l)r»dies and a third will either he at reft, or move 
uniformly in a right kne j and from thenee that the centre of 
gravity of any two (in a fyAcm of bodies) fuffers no cbangie 
of (Ute by their adlions upon one another* From whence it 
follows, that in the whole fyftem all thefe ai^ions (compofed 
of the adion every two) can induce no change; and if the 
adions of any tzco make no difference in the centre of gra- 
vity of the whole^ feparately coniidered,. then the anions of 
tvtry two conGdered colledively can make no di£feience. 
Ibis is certainly fo, though delivered in a fisw words: Sir 
Ifaac was not writing to children. 

The fame Bernoulli (p. 347) objea» againft the 10th pr. 
b. li. for not being folved in a way general enough to pkafe 
him. Here Sir Ifaac has folved the problem according to tbat 
law of refinance which really exifts ; but could not fpare time, 
or fill up his work with ufelcis enquiries, or things of no con- 
fequence. His noble flru6ture, the Frincipia, is all gold^ 
but he has left the drofs for fuch^ authors as thele, who are 1 
ibnd of any things and will ferve well enongh for building up 
their fyilems. This author in particular is always depreciating 
Sir li'aac, and extolling his own performances ; though they 
are long, tedious, and laborious to the laft degree, and often I 
falfe ; although he has the advantage of the analytical and ' 
fluxional methods, and feems to be ignorant that the method | 
of analyiis by which he ( Bernoulli) folves thefe problems is 
incomparably ihortcr than the method of compoiition in 
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which Sir Tfaac has written. Had he written the Principia 
in the analytic way, or according to the method of Fluxions, 
a fcience then utterly unknown to the ^vorld^ it could not 
have been read by any man living. By the fame* way of rea* 
foning, this boafling tnathematical bully may as well condeqin 
Euclids £Iements^ or JpoUonkis*8 Conies^ .becaufe moft of 
the propofitions may be demonilrated iacpmparabiy ihorter 
hy common algebra. 

This Author feems to have a particular fpite againft the 
Engliih mathematicians, being always carping and criticifiog. 
His works are full of inve6lives againft Sir Il'aac Newton for 
his great difcoveries, which tliis low critic is unfuccefsfully 
endeavouring to imitate. When one perfoa has another 
man's works to look through, he muft be a great blunderbufs 
that cannot make fome fmall additions : a man placed upoq 
another's fhoolders will fee farther than his fupporter ; yet in 
many cafes he has difimproved Sir Ifaac Newton. Sir Ifaac 
had a work entirely new to execute, in a jlhort and general 
way, and could not take notice of every bauble : this author 
hasihad nothing to do but to imitate. The regular works of 
the one will live thirough all ages ; but the confafed chaos of * 
the other will fink into cverlafting oblivion. 

The fame author (p. 484) alfo objects againft the demon« 
ilration of the 36th prop. b. 11. For^ fays he, Jince in New*^ 
tmCi catarad there u no cmnprejfion of the water in amf place, 
nor againft the fides of the cataraB, the external water prefp- 
ing inwards mujl dijiurh the catara6iy and mix zc ith it ; and, 
therefore, the Newtonian explication being contrary to the 
laws of Hydrojiatics, cannot fuhfijl. Yet what Newton fay« 
(cafe 1) might have fatisfied him. His words are; For let 
the ke in the vejfel dijfolve into water, yet will the eflux of the 
watery as to its velocity^ remain the fame as before. It will 
not be kfs, becaufe the ice, nozv dijfolved, will endeavour to 
dcjcefid : it will not be greater, becaufe the ice, now become 
water, cannot defcend without hindering the defcent of other 
water equal to its own defcent. But this author is eternally 
cavilling at every thing ; and all his whole fe<5lion on thij 
lubjed, con^lting of about 100 pageis^ whexe he has toifed this 
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problem abcmt into all forms, is nothing but a beap of abfurdf, 

inconlillent fluff, neither agreeable to theory nor experiment. 
So we ihall leave him here drowned in a gurges of his own 
contriving. 

In the demonftratton of piop^ A7, b. II. Sir Kaac Newton 
afltrmes for a principle, that the parts of the air have amotion 

excited in them, hy fome cauCe or other, according to the laws 
©fan ofcillating pendulum. But Euler lias found fault with 
him for making fuch an hypotheiis ; and has himfelf afTumed 
fome diflferent hjpotheies^ from which he has pretended to 
demonftrate that the motion of the particles of air are moved 
according to fuch hypothefes ; and that his demonflration 
for his hypotheiis is as valid as Newton's is for his. But Sir 
Ifaac Newton's hypotheiis is more than an ailumed one, for 
H is true in fa^; for any tremuloas or vibrating body from 

, which found is propagated is known to vibrate acccnding to 
this hiw, aflhmed by Newton^ and the like motion is com- 
municated to the particles of air. Therefore he has rightly 
aifumed that the medium has fuch a motion excited in it{ 
and confeqnently that it will continue to move according to 

' that law. Bnt there is no foch kw of a vibrating body wk 
JSuler aflimies, and therefore his demonftrations come to 
nothing. To find the velocity of found is a very fubtle pro- 
blem ; and they that would fee it truly refolved may find it 
in my book of Fluxions, prob. 23, faft. 3. 

In b. II. prop. 6S> Sir Ifaac Newton has invefligated the 
properties of vortices^ in order to fee whether the celeftial 
motions can be accounted for thereby ; and he has fhewn 
that the celeflial bodies are not carried round in vortices. But 
J, Bernoulli, a perfon of eternal contradidiion, has nnder- 
taken to defend the notion of vortexes, though fhewn to be 
abfurd and impoffible. Let him frame what hypothefis he 
irill for the planets, he mufi find vortexes meeting one ano- 
ther for the comets, that move all manner of ways. There- 
fore, to clear this point, he mufl have his vojdtexes made of 
fuch fluid matter as has neither frii^n nor refinance, and 
that one part be penetrable to another part ; that is, fuch it 
tmid as cannot be fbond io the worlds Such is the blinded^ 
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bigoted^ prejucHoe of fome people;^ tb«f the deneft demon- 

UratioDs cannot cure their madnefs. If any body afks one of 
this ftamp hoAr the planets move round, they prefently an- 
fwer^in vortexes. But alk them what caufes the vprtexes to 
move foandi here ibej aie at a iland, and have nothing to 
faj^ but tbat they move by their own nature : but they 
might as well have fald at firft that the planets move round by 
their own nature, if they can give no better account of 
them, and fo fave the labour of conftrui^g tbefe ufekiii 
vortices. 

Another author that is varioMnai, is Ei$kr, and he leemt 

to go beyond any of the refl^ for he cannot account for the 
rifing of the tides without vortexes; but he has not fhewn us 
by what extraordinary mechanifm, or inviiible wheelworiLj 
Us vortices are oonftttoted, fo as to be able to. produce th^ 
tides, or <ianfe the motion of the comets, fince thefe vortices 
mnft all run counter to one another, and penetrate one ano- 
ther, and yet miraculoufly preferve their motions entire. 

This idle notion was hrft introduced in the time of igno- 
rance, upon the foppofition of a fuga wem, or that nature 
abhorred a vaemm ; but, by onr better acquaintance with the 
nature and properties of body, and the laws of motion, we 
now know that the operations of nature cannot be performed 
in a pknum, and therefore a vacuum is abfolutely neceiliary. 

If we had Icnown of no celeftial bodies but the planets mov<* 
ittg all one way, the fuppofition of a vortex to .carry them 
about, dumfy as it is, might bave pafied for poffible ; but ^ 
one would have thought that the comets' moving all manner 
of ways would have cured this delirious notion, and have 
taught them the impoiiibility of fuch a fcheme : but theie 
authors, thefe defenders of vortices, are fo bardy, that they 
are not at alt afraid of an abfurdity or a contradi^on. Thefe 
things do not aifedl or touch them in the leaft ; but they go 
on unconcerned in their ufual way, though contrary to all the 
laws of nature. 

Bid I faj that the theoiy of vortices had its original from • 
the principle of a/t/^a wcuif I did. And the principle of 

a Juga vacui bad its rife from the phenomena of water riiing 
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in pumps and fiphons, as in ihe TcrfieellUin • expettrntrntf 
Here, for want of trying fuch experiments to their iull ex- 
tent, the principle of a fuga vacui was alTumed by thefe phi- 
lofophen as the genuine caufe of thefe effe6b ; fo that, upon 
no better a footing than this, though the true caufe of thefe 
effeds (the external prefTure of the air) be noir perfe^lj 
known, yet with thefe bigoted people the fame falfe principle 
iUli ex ills. 

Thefe pbilofophers (if they can be called fucb) are endea- 
vouring, contrary to the nature of things, to find out the 

moil complicate caufcs for explaining the phsBnomena, in- 
ftead of fceking the fnnpleft caiifes; and they feem utterly to 
ie|ed all fmiplc caufes, which are the greateft beauty of 
nature ; for if their brains were not turned round in a vortez, 
they could never prefer thefe complex vortical fchemes betbre 
the fimple dodrine of projedile and centripetal forces. Such 
Philolbphcrs 1 

Sir Ifaac Newton had fliewn, in the fchol. of prop. 14, 
IlL that the aphelions of the interior planets move a little in 
eonfequentiu (by the anions of Jupiter and Saturn) in the fef« 
quiplicate ratio of their difbinoes from the fun ; but BemoulH 
fays this is falfe, for it holds not true in Saturn ; and y^l Sir 
Ifaac tells him exprefsly it is the inferior planets that obft rve 
that law. So little do fome men care what tbey write, if they 
can only put on an air of oontradidion. 

In finding the proportion of the axis and diameter of the 
earth, prop. 19, b. III. Sir Ifaac alfumes them tu be as 100 
to 101, and from thence finds the excefs of weight in one 

4 

above the other to be — parts. Therefore he makes this 

• 4 1 11 
proportion -—z ■ tj^t- : : the force — - : -— , the true excefs 

of height. Yet fome people have objedled againft this as a 
wrong way. But herein they are much mifiaken ; for if any 
force foe increafed, the efiedb will be increafed in the fame 
ratio; and therefore increafing the centrifugal force here 

■will incrcafc the difTerciice of the heights in the very fame 
' pioppjiUonj as thefe quantities are very iinall. Upon thi^ . 
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account, forae people have unneceflarily run into long cal- 
cuiatioos^ and only came^ at laft, to the lame concluiioQ. 

And the fame argument holds good againft fach as have 
objedled againft finding the height of the tide (cor. prop. 3d, 
b. I If.) by llie rule of proportion, comparing it with the cen- 
trifugal force ; for all forces of whatever kind will produce 
effe&s proportional to the quantities of tbefe forces ; and theie* 
fore hje has rightly found the height of the tide by that 
proportion. 

But Sir Ifaac Newton's explanation of the tides (prop. 24, 
b^ III.) does not pleafe Eulcr, though he accounts for every 
circnipftance thereof. He thioks afcribiug thefeeffe^is to 
the adiions of the (iin and haoon is recurring to occult eaufes, 
and therefore he had rather recur to vortexes for the expla- 
nation thereof, the notion of which has been confuted over 
and over. He denies the gravitation of bodies towards one 
unother,^ becfiufe he cannot difcover the caufe of gravity ; and 
therefore he will not allow it to have any thing to do with 
the matter, as being an occult quality. But he recurs to ^ 
principle that is more than occult, his incomprehenfible vor- 
tices, which he thinks the tides are raifed by, though he 
has not attempted to explain in wh^t manner his vortices 
can do it. 

He fays, Sir Ifaac Newton's account of the tides is not fuf- 

ficiently explained, that any certain judgment can be formed 
whether it is true or I'alfe; that he did not explain the phsB- 
nomena of the tides, but only darkened them. But certainly 
this man does not laiow what he writes^ or does not care what 
he writes. Sir Ifaac explained all the principal phsenomena 
thereof, and has (hewn that his theory is agreeable to oblli- 
vations both in nature and quantity ; and all matters of lels 
note may be ^aiily deduced from his general theory by any 
intelligent perfoQ. But Sir Ifaac did not choofe to eredl any 
pontes afinorum. ' , 

This author values liimfclf very much for rcje6ting the prin- 
ciple, of <i^/ra<9ioi> eftabliflied by fome EttgUJJimen, becaufe it 
is an occult quality. This profound Pbilofopher will either 
know every thing or nothing; he will make no ufe of the 
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forces of gmvitj, becanie be knows not the caufe of gravity, 
l^or the very fame reafon he would want to know the caufe of 

that caufe ; and fo he mull know every thing in tlie whole 
chain of caufes and effeds^ or he cannot be fatlsiied. This 
odd temper in fome men arifes from the pride of the human 
mind, which attempts to foar above its fphere. Tbejr dif- 
dain to know the little matter that is within thdr power to 
know ; whilft they an* continually afpiring at things that are 
without, the reach of their knowledge ; things for which they 
have no faculties foiied to uoderiland, and no data to deter- 
mine. Thb b not to philofophize, but to trifle. 

As this Gentleman takes the liberty to fneer at the Englijk, 
he may pleal'e to flay and take this obfervation along with 
him^ — that, if it had not been for an EngUJhman, be (and 
fuch like) had known nothing. To him they are beholden 
for all thefe great and wonderful difcoveries whidi all the 
world acknowledge and praife him for, except thefe fons of 
detraction, envy, and ingratitude; difcoveries that may 
be looked upon as the works of a genius rather divine than 
human. 

The have found, by experience, that, by the power 

of fome caufe or other, dl bodies are drawn or impelled to- 
wards one another according to certain laws ; and thefe laws 
are found out by oblervations, and a juft reafoning ixom the 
laws of motion. This caufe, be it what it will, they call gravity^ 
without pretending to determine of what kind it is. If tbia 
author knew the phyfical caufe of gravity ever fo well, he 
would be no wifcr ; for the effect of it would be juft the fame ; 
and we can meafure the etfecits of gravity, and from thence 
£nd the quantities and proportions of the generating forces^ 
without knowing what thefe forces confift in ; fo that the 
knowledge of fuch a caufe would be only a nfelefs fpeculation. 
But this author is fo fearful of occult caufes, that he dare not 
* make ufe of their man ifeft effects ; and condemns the Engliflx 
at once for believing their own eyes that there are fuch effe^ 
jk>wing froni this unknown caufe, which they have agieed to 
fsall ffraoity ; for it appears to them that the eflfeas thereof 
SXe an that they have any thing tp do with* Sir Ifaac ^'ew- 
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ton tells him> more than once^ that he does not take upon him 
' to define the khd or manner of a&ion, or the caufes or phi/Jical 

reajojt thereof; but this author cannot take it in. 

Some perfons, when they can find nothing eHe to fay, have 
c£lvilled about the term gravity, and ib their obje<5lions are 
dwindled to a difpute about word^ and not things. I fuppofe 
every thing in nature^ that we have occafion to make the 
leaft ufe of in our difcourfe and reafoning^ be it known or un- 
known, ought to have a name given it to diltinguilh it from 
other things, and to convey our tiieaning to others ; and thus 
the caufe of the acceleration of bodies towards one another 
IS expreifed by the word gravity, and the adion itfelf is called 
. gravitation. The word attraction is ufed in tl;ie very fame 
lenfe ; that is, not in aphyfical hui mathtmatical fenfe, which 
regards only the quantity ot the caufe. That4hefe terms are 
the moft proper that could be choien> will appear firom hence : 
the word aitra&ion is taken from its moft manifeft quality ; 
for a body moving towards another with an accelerated mo- 
tion has all the appearance poflible of being drawn towards 
^ that other by i'ome inherent virtue in the other. The word 
gravity has evermore exjneffed the tendency of a heavy 
body to the earth ; mid, therefore^ by parity of reafon^ will . 
as properly exprefs the tendency of the moon towards the 
earth, or of the earth towards the fun^ or of any body towards 
another body. 

Suppofe this philofopher^ or any other of that forty was 
aiked to calculate the times^ fpaces^ pr velocities of falling 

bodies (which is the moft fimple cafe that can be propofed 
about gravity), would not any body juftly laugh at him, if he 
ilood to demur about it, . and refute to calculate till he knew 
whether their falting was caufed by attrfi^on^ impuUion^ or 
the rotation of a vortex ? And would not he equally defervt 
to be laughed at, that fliould hefitate to calculate the mo- 
tions of the moon, or of the earth and planets, or of the 
tidcs^ upon the fame account, when they are all a^ed upon 

the fame unknown caufe of gravity / 

But^ to return to the tides. This gentleman ( Euler) lellsr 
\ks, that Newton's method in ^stouGoua, by which he found 
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tte fea to rife to the height of near two feel, by the fun's 
Ibrceonly ; and fays, that Newton found out thi« enormous 

effect by comparing the fun*s force with the centrifugal force 
of the earth. This has been anfwered before ; and certainly 
this Greniieman knows little about the nature of forces^ if he 
does not allow that two equal forces, of however different 
kinds, will alwa3rs have equal effedls ; and proportional forces 
proportional effedb, efpecialJy in tlieir nafcent flatc ; for it 
is not the kind but the quantity of force that is lo be re- 
garded: therefore Newton rightly found the folar tide near 
two feetj and the lunar tide 8i feet, agreeable to experience. 
But, to (hew you what fort of a theory this Gentleman works' 
hj, he finds the folar tide only half a foot, and the lunar 
tide 2i feet; in all not three feet; which all obfervations con- 
fute, and^ with it, his erroneous method of computation. I 
have met with nobody yet but what makes it at leaft three 

tnnes as much. 

« 

lie alio tells us that Newton found out the forces of the 
fun and moon by help of the tides ; but be has not done it 
accurately : and yet, Newton took in every circumftance * 
that could any way a£fe6l itj as may be feen in prpp. 57> 
h. III. 

Having had occafion to compare different kinds of forces 
with one^another, I will venture to lay down this as a general 
nile,'«-that ail forces whatever, whether attradliveorimpulfive^ 
centripetal or centrifugal, or of what kind foever, if they be 
equal, they will produce equal effedls ; and, therefore, how 
^ idle muft it be for thefe men to wrangle about the kind, when 
the quantity only is concerned in the effld, and can only be 
of any real ufe to us in our calculations ! The enquiry after 
the kind and modus of a^ion is a phyfical or rather a me- 
taphyiical fpeciiIbtion> the knowledge of which they can never 
come at. 

It has likewife been objedled, by fome perfons, that the 
two examples pf Newton for finding the tides are ill chofen ; 
but,however, hehad no more to choofe from, and by their near 
agreement it fhews they were well chofen. Euler tells you, , 
that, at Havre de Ctuce^ the greateit and leaft tides are as 
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17 to 11; and therefore the .fun's force to the moon's will 

be as 17 — n to 17 + 11, or as 6 to 28; or, as he makes 
it, as 7-13 to 28, which is about as 1 to 4; a proportion not 
very different from Newton's. Dan. Bernoulli fays, that, at • 
St. Maloy the greatefl height to the leaft is as 50 to 
"which makes the fan's force to the moon's as 35 to 65^ or 
as 7 to 19, not fo much as 1 to 2 ; a'conclufion utterly Incon* 
lillent with all other obfervations : which ars-ues that the 
obiervation has not been made* with fufficient accuracy. 
However, this is certain,— that, if any place can be improper 
for fuch an experiment, this place is, by leafon of the veiy 
extraordinary tides; for here the tide, being hurried up a 
long channel growing continually ftraighter, is forced up 
to an unufual height. 

' However, I cannot think that itilgnifies a great deal where 
or in what places thefe experiments are made, provided the 
fea be deep, and have free accefs and recefs to and from the 

place of obfervatioji ; fur lliough the tides be higher in one 
place than another, the fun and moon confpire alike to that: 
for if the water be accelerated in any degree by the moon's 
force, it will likewife be accelerated proportionably hy the 
fun's force, that the refnlt will be ne^urly the fame. 

I cannot but be furprifed, that, in fo material a point as this, 
no perfon has been fen I purpofely to proper places to make 
obiervations of the tides; lince by this method only the 
forces of the fun and moon can be determined to any tolera« 
ble degree of exadbiefs. No celeftial obfervations can affift 
us in this matter: aftronomy affords us no help; and there 
feems to be no way for us to gain this great point, but this 
method by the tides. The forces of the fun and moon are ib 
very fmall, in refpedt to the force of gravity, that no com- 
mon hydroftatical experiment can ik€v us the'leaft e£fe6b 
thereof: it is only in the tides that their effe£b become fen* 
fible. 

The forces of the fun and moon reach to the very centre of 
the earth, and a^ upon every point of the radius or column of 
vrater under them, and diminiih the gravity of every particle 
.thereof \ and all thefe forces confpire together to raife the tide ; 
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nod Ibeiefbre lliencljtts of the earth beconm . tbe proper 

i'cale for all thefe forces to adi cm* And we caiiiiot fee the 
total effect of all thefe forces, milefs we have a depth equal 
to the whole radius of the earth, or an extent of lea of 90 
degrees; aod this effe^ 00 the tides, when at the gieateft, 
will then only amooDt to a few feel. 

If I was to give dirediops for making^ obfenrattons on the 
tides for this purpofe, I would advife to choofe fonie place 
sear the equioo^al; as, on the coafts of Jfnca or America : 
and the place woald be moft advantageous where the fan and 
moon are m the aenith al the firii obfervation; and in the 
horizon at the fecond, for the fpring tides; and one in the 
zenilli, and the other in the horizon, for two obfervations at 
the neap tides : and I'uch places (hould be chofen where the 
fea is of large extent^ and deep, £6 as to communicate freely 
with the place^ backward and forward. Soch places will be 
beft in a calm conntry, and performed in calm weather ; and 
all circumftances of weather (hould be alike (as near as can 
be) al anj two correfpondcot times of obiervation — the iy* 
zygies and qnadratiues. Thefe obfervataons ihoold be made 
at the zygies and qnadratiues, both dayr and niglil ; and 
a](b when the tides are highefi and loweft, which is three 
days after. But, for fome purpofes, trial fliould be made 
every day ; and the buitneft of trying at the iy zygies and 
quadratures (hould be continued for a twelvemonth: and more 
places than one ihould be tried. Perhaps feme ifland in the 
middle of the fea, as St, Helena, may be proper; for the 
weather is likely to be more uniform than on the continent.— 
Having thus gained, a fuftitieut number of obfervations, the 
be&may be feledlcd, and a mean ratio foundj by which thia 
matter will be finally deter^iined. 

There are fome people that objedl to this method of finding 
the fun's and moon's forces by the tides ; and reckon it very 
precarious, and fubjed to many obflacles and intervening 
-caufes, by which the tides are perpetually influenced and dif« 
tnrbed; as if eveiy thing bad not its dilfficnlties. The only 
diilurbing caufe Is the wind : yet they can tell us of no othor 
method, but what is more precarious, more impra^UcablCj 
and kii^ exat^. So much of the tide&» 
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The SSth prop, is about finding the preoeffion of the equK> 
noxes : againft this^ being a problem of great difficulty^ obi* 
jettons have been raifed by feveral people; alleging, that ft 
is not truly demonft rated. Mr. Simpfon is among t,his clan ; 
and he abfurdly makes the precefiion by the fun's force alolie 
to be 21" which is double to Sir Ifaac Newton's : tbe c6nlb« 
qnenoe of which is^ that the motion bjr the moon's force will 
be only 29" ; fo that, by this, the moon's force will be to tbe 
fun's only as If to 1 : yet he fays, in another place, that the 
moon's force to the fun's cannot be lefs than 2j to 1 : fo incon- 
liiient and erroneous are his operations* But this has been 
taken notice bf before in the Comment. Bnt the moon's 
Ibrce muft be greater than S{ ; for, in all obfervations of the 
tides that have been regularly made, the moon's force is 4, 
or more: and it is hardly poHible, in any ohfervation of the 
tides made with any tolerable degree of care, to mifs near a 
half. They that would fee the preceiiion of the equinoxes 
truly calculated, will find it in prob« 20, fe^. S, of my 
Fluxions. 

Other obje<5lions, of lefs moment, I pafs over, as their 
malignity and falfebood will appear to every reader ; fuch as 
tbe abfurd opinion thai motion cannot be loft in the world 
(concerning which> fee my Mechanics, 4to.j^ prop. 10, and 
cors.) ; alfo the falfe opinions of thofe that deny that llic com- 
poiition and rcfolution of forces are analogous to the compo- 
fition and rcfolution of motions, which are their adequate 
effsds ; their endlefs cavils againft his method of demonftrat^ 
ing any proppfition, which is the fynthettcal, preferring theif 
own analytical methods, as being fhorter, which is no won- 
der; their introducing into phvfical ealculalions an obfcurCji 
precarious law or force, called vi& viva, founded upon no cer-^ 
tain principles (concerning which, iee my Mechanics, 4to*^ 
fchoL to prop. 11, where the nature of it is unrarelled); their 
promifcuoufly ufing the words force and motion for one an- 
other, which are as different as caufe and effecl:, which in- 
duces no fmall obfcurity into their writings ; their afcribing 
the Jnvention of Fiuxiom to Leibnitz, contrary to tbe cleareft 
teftimoniest and (bme of them tell us, that, noike that firft 
found, but he that Jirft j[fubli/hed it deferve$ the praife^ as if 
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the publifher could have publiQied it all, if the inventor had 
not firft foand it out. Here the ioventor is robbed of his due 
praife, to refign it to the thief that fiole it: aad» in general, 
their aggravating every trifling (lip as a ca^iital crime ; and, 
inftead of praifing him for what he has done (which is more 
than all the world ever did beforej, they difpraife him for 
what he iloi noi done, or had Dot time to do ; and lampoon 
lum, becaufe his time or his knowledge was not ii^nitt. 

But if any body ihould aik what any of thefe Bravos have 

doneiiDce? the anfwer is this Nothing at all, or J els than 

nothing : they have been turning fcience backwards ; for 
they have been doing nothing but undermining his principles 
(though built upon the fureft foundations)^ to introduce their 
own chimerical hypothefes, that have nothing to fopport 
them hut impudence, ignorance, and prefumption ! 

At the end oi the Principia, Sir Ifaac Newton has given us 
his thoughts of the Deity. Here be (hews that God is, aa 
€t€rmh inJiniUy and powerful Bewg; that all the frame of 
nature is owing to him, which he made, and governs: and, 
from the iimilitude of all the parts of the world, he (hews 
thtttGod is o//c; that he is a Being, ading with council and 
defign, and with the greateft wifdom ; that we have ideas only 
of his attributes, but know nothing of his fubfiance, nor afier 
what manner he or does any thing. Indeed^ we know 
jiothing of the fubftance of any thing, much lel's of God ; 
end as we cannot conceive of fpace and time, but as necefTa- 
rily exiiUng, much more muft we allow that God exiiis ue* 
ceiTarily ; and, confequently, that he exifts always, and €v€ry 
where, and that not partially, but totally. lii fliort, he has 
laid down tht beit metaphyseal no.tioDS of God that can be 
met with any where. 

But M. Leibnitz will not allow that God has in himfelf 
(much lefs other animals) any principle or power of adUng, 
but as he is firft a6ted on by fome motive, which he thinks 
is to determine his adtions; and, in confequence of that, if 
two equal ways of adtiug were laid before God, he could 
choofe neither, but be like a balance a6led on by two equal 
Wights, that would turn no way. But at this rate God is 
not a free age^tt, but a mere patient. He reckons it an tim* 
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perfeQion in God to be able to chooi'e one out of two perfe^^ 
]j equal things; becaufe> be fays^ there wants a fvfficieiU reo- 
fon, and therefore he can choofe neither. ' But it is certainly 
L\ greater iniperfeBion to choofe neither than to choofe one. It 
is a principle with him that God muft have a fufFicient rea- 
fon; which is true : but it is God's mere will that is the Ihf- 
£cient reafon. And hopr comes he to know what is a fof- 
ficient reafon to'a perfedly free agent that has it in his power 
to do any thing ; as if man, who is no more than a worm in 
the creation, can prefumc to know what is tilteli: to be done ? 

Sir Ifaac Newton has ailerted, that all the great bodies ia 
the world move in free fpace^ which is unbounded and infinite; 
that all bodies have pores or empty fpaees within them. 
But this author will not allow any vacuum, but will have the 
world be a perfecl plenum ; and he tells us, alfo, that the world 
will continue for ever without any aUeration (or mending); 
but he has taken particular care to prevent that by introduc- 
ing his plenum. The motions of the heavenly bodies muft 
needs be retarded, and foon ftopt, in moving through d^fe 
matter, though ever fo fluid ; fo that one of his fuppofitions is 
incoufiftent with another, and nobody could more efie<5^ually 
deilroy his own hypothecs than he has done himfelf* He 
had bad infinitely be^tter chance for this fuppofition if be had 
made the planets, &c. to move in a vacuum. 

If God had deiigncd every thing to ftagnate, and be fixed 
in the world, then a plenum feems to be the bell conflitutioa 
for that end; but as all the operations of nature are to be per* 
formed by motion, which, indeed, is the beauty of nature, 
then placing them in vacuo mufi. needs be the beft conflitution, 
as the motions will then be free and unrefifted, and the moft 
durable pofTible; and therefore it is as neceilkry to have a 
vacuum in which thefe motions are to he performed, as it b 
neceffary to have bod^ to perform thefe motions. 

The fame objedions he has made againfi: empty fpacehe 
makes againfi time ; for with him fpace is no more than the or- 
der of co-exifting beings, and time the order of fucceflive ones ^ 
but at this rate the words nearer or farther, fooner or later, 
figoify nothing ; yet both fpace and time are meafured by 
quantity, and therefore are themfelves quantities, and confe- 
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qoenUy real beings, wbicb confutes his notions. And^ indeed, 
common fenfe is enough to determine this ; for their exift- 
enoe is felf-evident, even to the nioft ignorant, and cannot 
he made more evident by all the arguments in the world. 
Arguments in fuch cafes ferve for nothing but perplexing 
things that are plain of themfelves, and are often brought for 
that purpofe. ABiom and a vacuum are the firil principles of 
thd moft antient philofophy ; which is the fame thing as to fay^ 
that God has made bodies, and room for them to and move 
in ; for the whole world appears to our fenfes Lo be nothing 
but matter and motion. 

This learned philofopher's argument againft empty fpace 
is this: every perfr&ion which God could ghe to things, wUh* 
mit derogating from their other perfe&iom, he ha$ gwen them. 
Suppofe, then, an empty fpace, God could have placed matter 
in it ( zvhich is more excellent than empti/ fpace J ; therefore he 
has done it, and confequenthf there is no vacuum. Here he 
fnppofes that there is no excellency or perfe^on at all in mo- 
tion ; and ifo this world-maker will not agree to leave any room 
or free fpace for bodies to move in ; and in this he is as dog- 
* matical as if he had been originally one of God Aloaighly's 
privy council. But, had he gone one ftep farther, he would * 
have feen the abfurdity of it; for God did not make the 
world to ftand fiill, but to move after yarious laws and roles j 
and, confeqnently, when this acnte philofopher fills the pla- 
netary regions with matter, he derogates from the perfeSlions 
of the other bodies by deftroying their motion with his new 
matter ; and in this cafe, and for this very purpofe^ empty 
fpace is more excellent than matter. 

But the ignis fatuus liiat leads him aibay Is the argument 
of a fufficient reafon, when, at the fame time, he is no judge 
at all what is fufficient. Yet this principle he biandifhes 
about with no fmali oflentation and aiFurance : but it is of 
no mofe nfe in his bands than the fword of AchiUes in the 
hands of an infants * 

End of the Defence. 
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In jullice to the editor of this tranflatioB of Sir Ifa^c 
Nfiwtou's Principia, it is pr^r to accjuaiDft tbe leader, that 
H was with my oonfeat be publifli^ advertifementy at 
the end of a volume of mtfceUatii<M> concerning a fmall trad 
which I intended to add to his book by way of appendix ; my 
defign in which was to deliver fome general elementary pro^ 
poiitiofi^^ ifijrving^ as I thought, to explain ^nd demcNofiiaite 
the truth of the roles in Sir ffaa^ Ne0t0n*$ Xheor|r of the 
Moon. J 
The occafion of the undertaking was merely accidental ; 
for he fhewing me a paper which I communicated to the au- 
thor^ in the year 1717, relating to the motion of the nodes of 
the moon's orbit, I repoUeded ibat die method made afe of 
in fetthng the ec^nation Ibr that motion was equally appli^ 
cable to any other motion of revolution. And therefore I 
thought that it would not be unacceptable to a reader of the 
Priufipia to ^fee the ufes of the foid method explained ia 
th^ other equations of the moon's motion |^ efpeeially fineetfae 
greateft part of the Theory of the Moon is hid down withoui 
any proof ; and fincethofe propofitions relating to the i&oon's 
motion, which are demon ftrit, ted in the Principia^ do gene- 
rally depend upon calculations very intricate and ahitrufc, the 
truth of which is noteaiily esommed^ even by thole that are 
moit ikilfai ; and whfch^ however^ b^ ieafiljr d^uc;^ 

^Qm other principles^ ? V'^'' * ? dDhLv ^, . n . • 
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Bat ia my progrefs ia this deiign^ happening to find fe- 
veral general propoiitioiis relating to the moon's moti<H» 
vhicb ferve to determin)! many things which hftve hlthoio 
been taken from the obfenrations of affaronomers ; and having 
reafon to think that the theory of the moon might by thefe 
means be made more perfedt and complete than it is at pre- 
fent, I retarded the publication of the book, till I oould pro** 
cure due fatistadtion by examining obfervations on places of 
the moon. Bot^ finding this to be a work requiring a Gonfi<t 
derable time, not only in procuring fuch places as are proper, 
but alfo in performing calculations, upon a new method, not 
yet accommodated to practice by convement rules, or aHifted 
by tables, I thought i|» tbmfore> more convenient for this 
bookfeller not to flop the pablici^tian of his imprefQoq a^j 
longer upon this aoooqnt. But that I may, iq fome meafure, 
fatisfy thofe who are well conyerfant jn Sir Jfaac Newton'^ 
Principia (and I could wifh that none but fuch would look 
over thefie papers) that the faid advertiiement wa^ not with- 
Mi fome fonndation^ and that I miQr rwQve any fufpicioQ 
that the defign is entirely laid afide, I have put together, al- 
though in no order, as being done upon a fudden refolution, 
fome of the propofitions, among many others, that I have by 
me, which ieem chiefly tp he wanting in a theory of the 
moon, as it is a fpecnlation Ibond^ on phyfical caufip ; and 
thofe are what relate to the (lating pf the m^ ^notions. Pctr 
although it he of little or no nfe ip aflronomy to knQW the 
rules for afcertaining ih^ me^n motions pf the node or apogee, 
fince the fadl is all that is wanting, and that is otherwif*^ 
Joiown by comparing the obf<prvi^tions of former ages with 
thofe of the prefent, yet ip matter qf fpecnlation this icf th^ 
chief and moft neceSary thing required ; fince there is no 
other way to know that the cauic is rightly aligned but by 
(hewing that the mptions fure (o uiac}^ ai)d i^o loore ^an what 
they ought to h^. 

But that it may not be altcigefher without its nfe, I bav^ 
add^ all the rulfs fi>r the equation o£ the moon's motion, ex,^ 
pppt twoj one of wl^cl|is a i^onthly equation of th^ varis^tio.^ 
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depending on tlie moon's anomaly j and the other an equa- 
tion oriiing from the earth's being not in the focus of the 
moon's orbit, as it haA been fuppofed to bc;» in all the mo* 
dern tbeories fince Horrox, 

For not having had time to examine over the obfervations 
which are necelTary, but being obliged, inftead thereof, to take 
Sir Jfaac Newi»n*» theory for my diief guide and diredion^ I 
cannot ventnie to depart from it too inr in eflabliChiog equa* 
tions entirely new ; fince I am well affured, upon the bed au- 
thority^ that it is never found to err more than feven or eight 
minutes. 

And^ therefore^ hoping that the reader, who confiders the 
fodden occafion and neceffity of my publiihing thefe propo- 
fitiona at Uiis time> will make due allowance for the want of 
order and method, and look upon them only as fo many dif- 
tindl rules and propofitions not conneded, X ihall begin, 
without any other preface, with (hewing the origin of that 
ineqaality which is called the Variation or Refledtion of . the 
Moon. 

The variation or refledion is that monthly in- xjie Tuiatiop 
equality in the moon's motion, wherein it more ©^tliemooiu 
saanifeflly differs from the laws of the motion of a planet in 
an eUipMc orbit. Tyeho Brake makes this inequality to arifa 
hem a kind of libratory motion backwards and forwards,' 
whereby the moon is accelerated and retarded by turns, mov- 
ing fwifter in the firft and third quarter, and flower in the 
fecond and fourth^ which inequality is principally obferved in 
the Grants. 

Sir Jfaac Ntmton accoonts for the variation from the di& 

ferent force of gravity of the moon and earth to the fun, 
arifing from the different di&aoces of the moon in its feveral 
afpe6is. 

The mean gravity of the moon to the fun, he fuppofes, is 
faUsfied by the annual motion of the moon round the fun ; 

the gravity of the moon to the earth, he fuppofes, is fatisfied 
by a revohition of the moon about the earth. But the dif- 
ference of the moon's gravity to the fun, more or leis than the 
a«(tb'» gravi^i he fuppofes, prodijces^^wo ; f(pr^ its tl^. 
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difTerence of force may be refolved into two forces, one ad- 
ing in the way^ or contrary to the way. of tbe moon about 
the earthj and the otber a/fiting in the h'ne to or from the 
earth, the firft canfes the moon to defcribe a larger or fmailer 
area in the fame time abont the earthy according as it tends 
to accelerate or retard it ; the other changes the form ot tiie 
lunar orbit from what it oui^ht to be merely from the moon's 
^yity to the earth ; and both together make up thai in* 
equality which is called the wiatioD. 

But iinoe the real motion of the moon, though a fimple 
motion cauftd by a continual deflet^ion from a ftraight line 
by the joint Force of its gravity to the fnn and earth, thereby 
defcribing an orbit which iucloles not the earth but the Um,' 
is jet.confidered as a compound motion made from two nfto* 
libnsy one abont the fun, and tbe otber about the earth, be-*- 
canfe two fnch motions are reqaifite to anfwer the two forces 
of its gravity, if feparately confidered ; for the very fame 
reafon, the moon's motion ought to be refolved into a third 
motion of revolution, iince there remains a third force to be 
Actnfiedi and that is the force aiifing from the akeMion of 
the moon^s gravity to the fun. And this, when confidered, 
will require a motion in a fmall ellipils in the maaner hers 
defcribed. 

The circle ADFH (Fig. l) reprefents tbe orbit of the moon^ 
about the earth in the tenti« as it woiM be at a mean 
dittance, fuppofing the moon ha^ tfo gi^vil j 16 any other 
bbdy but the earth/ The diameter ATP divides that part of 
the orbit which is towards the fun, fuppofe ADF, from the 
part oppofite to the fun, fuppofe AHF. The diameter at 
light angles HTI) is the line of the moon's conjand^ion wHh 
dr oppofiticin to the fisn. The ^gore FQLK Is as ellipfis, 
whofe centre is carried round the earth in the orbit ABDEFH, ' 
|)aving its longer axi& TL in length double of tbe ihorter axis 
QK, and lying always parallel to TD, the line joioiog the 
centres of the earth and foiu Whilft the iaid-figwe is car-* 
fied fhoin A to B, the nkNMi re^olm the cooaraijr way fiptm 
Q'tp 19, lb* as to defS^e)|na) anas in eqml limes about the 
Aoire'of ft) and to perform its revolutiiHi in the fagie^iiue 
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te the draire of- the laid elliptjc epicycle <if it be 
trailed) perfi^ms its revolation; the mooii bteSog always ia 

the remoter extremity of its fliorter axis in Q and K when it 
is in the quarters, and in tlie uearefl extremity of iU iouget 
axis at the tiirie of the new and fuH moon. » 

llie ihoiter ibmi^js of this eHipfis JUi is i6. the difianGe 
bf its oeBtre from tb^ear^ AT id' the- duplicate proportioii 
of the moon's periodical time about the earth to the fun's pe-^ 
riodical time: which proportion^ if there be 21 SJI revolutions 
of the mooa to the itan ida iQO fideraal years>. is bb^U of 47 to 
6400. 

The figmre wbidi is deferibed by this conipovod mxitiom of 
the moon in the elKptic epicycle, whiht the centre of it is car- 
ried round the earth, very nearly reprefents the form of the 
lanar orbit; fuppofing it without €ccentricity, and that the 
plane was eoineident with the j^a^e ^f the ecliptic, and thai 
ttie ^un contitiiKd i&'ibe fanle place duriog the frholemo* 
lotion of the mooh about the earth. 

From the above conflru<5lion it appears that the proportion 
between the mean diftance of the moon and its f^Keatoft iic 
leaft diflances is edily affigned, being fomething larger Hkm 
'^at which is afligned by Sir Ifaae Newtiau in the £8tb .ptoi- 
petition ef 4iis third hook. • Bat as the computation tbene 
given depends upon the folution of a biquadratic equation, 
&ffe6led with numeral co-efiicients, which renders it impof* 
fible to compare the propoitioiis with each. other fo as to .fc4 
thMr agreement or difagveeoieil^ except «i a fiarticiilar ap* 
^plication to mnnb^i f ihall ^Aw^oit iet down a mle^ in 
general tierms, derived from his method, which will be exa<5l 
enough, unlefs the periods of the fun and moon (hould be 
much nearer ^u&l than they are. Let L be the periodical 
time of -the moon,: S the period of the fun^ M the iipodical 
))eriod of the moOn' ti^ th^ Atti, -flnd t> be the dificnwnoe of 
the periods of the fun and moon ; then, according to Sir 
Jfaac Newton^s method, the difference of the two axes of the 
nxooa's elliptic orbit, as it is contraded by the allien of the 

M + L 

frn, is ^to tbe JTufn jof the faid axe» as 3l* ^ — ■ 
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4DD — SS. But| according to the conftru^oo befoie kid 
down, the frnd proportbn is as SLL to £SS — LL. 

By Sir Ifaac Newton'^ rule, the difference will be to the 
fum nearly as 5 to ()94 ; and confequently the diameters will 
be nearly as 689 to ^99> or 69 to 70 : but, by the latter rule, 
the difference itriil be to the fum nearly as l to 119 ; and the 
diameters or diilanoes of the moon, in its coqjupdion and 
quadrature with the fun, will be as 59 to 60. Dr. Haliey 
(who in his remarks upon the lunar theory, at the end of 
his catalogue of the ibuthem Itfirs, firft took notice of this 
contradtion of the lunar orbit in the iyzygies from the pbe- 
nomeoa of the moon's motion) makes the difference of tbe 
diameters to the fmn as 1 to 90;'and confequently the 
greater axis to the leffer as 45 1 to 44 1. 

But the difference in thefe proportions of the extreme 
diflances, though it may appear coniiderable^ is not, however, 
to be diftmgoiihed.by the obfervations on the diameters of 
the moon, .whitft the Tarialion^ of the diameters,^ from this 
caufe, are intermixed with the other much greater variatioos 
arifing from the eccentricity of the orbit. 

The angle of the moon's elongation from the centre (Fig. 
1), defigned by fiTN, is properly the variation or refle^on 
of the moon ; tbe properties of .which are evident from the 
defcription. 

Firjly It is as the fine of the double diftance of the moon 
from the quadrature or conjuudlion with the fun ; for it is 
tbe di£brenoe of the two angles BTA and NTA, whole tan* 
gentM, by the conftrn^n, are in a given proportion. 

Secondly, The variation is, ca$eri9 paribus, in the dupli- 
cate proportion of the fynodical tidie of the moon's revolution 
to the fun; for the variation is in proportion to the mean 
diameter of the epicycle, ^nd that is in the duplicate pro- 
portion of the fynodical time of revolution. 
• The greateft vadfttion is an angle whofe fine is to the ra- 
dius as the difference of the greateft add leaft diftances TQ 
and TL, that is, 3AQ, to tlieir fum. According to the pro- 
portion of the lines before dcfcribed^ this rule makes the elon- 
gation near 29 minutes ; which would be the variation, fup* 
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pofing the moon pei furmed its revolution to the fuo In 4he 
time of its revolution round tine earth ; but if that elongatioa 
of 2^ minutes be ingieftii^d in the duplicate proportion of the 
fynodicftl time to the periodkai-^ time of ieT(»Uitioii^ it will 
produce oewt 54 mioates fot tbe viorlatioD. 

It is to be noted, that what is faid of the epicycle, is upon 
fuppofition that the earth's orbit round the fun is a circle : 
if the eccentricity of the aoaual orbit be coniidered, the mean 
diameter of the epicycle muft increafe or dimioiih recipro* 
cally in the triplicate proportion of the fun's diilance. 

The conftrudlion whith I communicated m metM off 
to Sir Ifaac Newton for the annual motion iufes"L*ai^rewdtti 
of the nodes of the moon's orbit (which is 
printed in the fchoUum to the 33d propofition of his thin} 
hook) is a cafe of. a general method for (hewing the inequa- 
lity otany motion round a centre^ when the hourly motion 
or velocity of the obje6l varies according to any rule, de- 
pending on its afpe6l to fome other object ; for in any re- 
volatioQ tiie mean motion and inequality are to be ailigned 
by means of a curvilinear figure, \vherein equal areas are de* 
fcnhed about the centre in equal times ; the property of 
which figure /is, that the rays from the centre -are always re^ 
ciprocally in the fubduplicate proportion of the hourly mo- 
tion or velocity about the centre. 

Thus in the figure defcribed in my conftru6lion (Fig. 
where TN is the line of the nodes, TA the line drawn to the 
fun, is fuppofed to revolve round the centre T, with the ve- 
locity of the fun's jnotion from the node; and the ray TB, 
which is taken always in the fubduplicate proportion of that 
velocity, will defcribe equal areas in equal times ; fo that tho 
MTJi; will be the mefin motion of the fun, the £eAo€ 
14TA the moUoa of the fun from the node, and conie« 
quently the af«a NAB the motion of the node, which will be 
a retrograde uiution if the area be within llit; circle, and di-* 

if it falls without. From whence it follows, 
. < >1. That the periodical time of the fun's r0volution to the 
node, will be }o the periodical time of the fun's revolution 
aif jtbe ati^a of 'tbe cnirv^littear figure to the. area of the dcdei 
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• That if a circle be (lefcribed, whofe area is equal to tli^ 
area of the cnrvi linear figure^ it will cut that figure m the 
place where the fun has the mean mdtion from the node. 
> $. If an angle NFF made, wlildi fliaN comprehend an 
area m the faid circle^ equal to the feftor NTB m tlie figure^ 
tiiat angle will be the mean motion of the f^n from the node. 
And^ confequently, 

4k The angle FIB, wbidi is the difference bet^reen the; 
Am's trae motion from the node, defigned 1>y ATNi and the 
fan's mean motion from the node» defigned bj FTN, will he 
tlie equation for the fun*s motion from the node, when the 
fun's pofilion to tlie node is defigned by the angle ATN. 

From all which it appears, that what is faid of the fun*s 
iMtion from the, node will hold as to any other motion round 
a centre ; as of the fnn firom the moon, or the moon frora^ 
the node or iipogee. In any foch reroiution a cunrilinear 
figure may be defcribed about the centre, by the areas of 
which the relation between the mean and true motion may 
he (hewn ; and> confeqnently, the inequality or equation of 
the BioCion. 

And as in emy revolntion there 'is a certain fignre which 

is proper to fliew this relation, fuch a figure maybe called an 
equant Tor that motion or revokition. 

And in every revolution where the equant is a fignre of the 
fame property, the inequalities 4Mr equationci will alte^ accofd-i^ ' 
iBg to the fame rule. 

Thus, if the equant be an ellipfis about the centre/ as irf 
thai for tlie motion of the fun from the node, 

Mrji, .The mean moti<»i in the whole revolution will be M 
igeametricsd mean proportional between the ;greateft motion 
IB the ertr^mity df the lefier axis and dfe kaft motion in 
the extihemity of the longer axis ; for the radhis ef the circle^ 
which is equal to an ellipfis, is a mean proportional between 
the two iismi-axes. 

Secondly, The tangents -of thi; angles of the me^n and true 
motion are in the given proportion -of the twOiaae^-of tiie el^ 
Kpfis. Thus the tongents^f the angles of the true' and mean 
motion of the fun t'loia iliQ node, viz. -ihQ tangents of the 
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angles ATN and FfN (Fig, S), are in proportion as the 
ordinates BG and FG, that is, as the fenai^axes TH and TN< 
, J%tfY%j The fine of the angle of the greateft ineqaa^ty 
in Iheodants is to the radius as half the fum of the axes to 
haJf their difference. 

It is to be ootedj that the equant is an ellipfis about the 
centre in every motion where tlie excefs of the velocity, 
ahont the oentie above the lead velocity is always in the 
duplicate proportion of the fine of the aagle of Uie true mo^ 
tion from the place where the velocity about the centre is 
leaft. From which remark^ upon examination, it will appear, 
iliat the following motions are to be reduced to an eiiiptic 
equant defcribed about the centre* . • 

The monthly motion of the moon from the^ode; 

The annual motion of the fun from tlie node; 

The motion of the moon from the fun as it is acccli rated 
or retarded by the alteration of the aiea defcribed about tiie^ 
earti»» according to Sir IJkae Newlon*B £6th prop. 3d book; 

And the annual motion of the fun from the apogee. Hovr- 
thefe feveral equants are determined will appear by what 
follows. 

The node is in its fwiflefi; retrograde mo- Tlsawtioiiorfht 
tion when the fiin and moon are in oonjnne-^ 
tion or oppofition, and in a quadrature with the line of the 

nodes. According to Sir IJaac A t i^tc/^/s method (explained 
at the end of the thirtieth proportion of the third book), the 
force of the fun to produoe a motion in the node at this time 
k eqoal to three times llie mean folar force; thKt is,* hy tha 
eonftrudion of the elliptic epicycle, equal to a force whidt 
is to the force of gravity as SAQ to AT (Fig. 1), or three times 
the lelTer femi-axis of the ellipfis to the diftauce of its centre 
from the centre of the eartli. But if the moon revolve in tbe 
elliptic epicycle as before deforibed, the force to «nake^aimoH» 
tion in the node at the time mentioned will be-to the Somsbvi 
gravity as sDL to DT, or three times the longci fcmi-axis to 
the diftance of the centre; which is the double of the formdt 
force. But, then^ according to Sir //(lac's method^ thei Mo- 
tion of the aodtt at this timais to th^maoo^uwotimjlktilf 



d04 ttffi I'AWS ot 

folar force to create a motion in the node h to the force of 
gravity. Rut if the moon be conceived as revolving in a cir- 
cle, with the velocity of its motion from the node at this time, 
when the node moves Mdek, and the plane of the faid chrde 
be fuppofed to have a rotation upon an axis perpendicular to 
the plane of the ecliptic, and the contrary way to the motion 
of the moon^ ib as to produce the motion of the node, and 
leave the moon to move with its own motion about tlie earth, 
the force to make a motioh in the node feems to be the dif* 
f<!rence of the forces to retain it with the velocity of its mo- 
tion in the moveable and immoveable planes; but the veloci- 
ties of bodies revolving in circles are in the fubduplicate pro« 
portion of tiie central ibrces. From whence it follows^ that 

The motion q^ihe moon from the node at this time, when the 
node moves fidj}elt, is to the motion of the moon in the fiMfu^ 
plicate proportion of the fum of the forces to the force of grtuvi" 
ttf, or as the fum o f 'YD and 3l)L to TfK 

And this would be the greateft motion of the node, upoa 
fuppoQtion that the plane of the moon's orbit was almoft co- 
incident with the plane of the ecliptic; but if the indinalioii 
be conddered, the motive force for the node mufl be diminilh- 
ed in the proportion of the fine-complement of the inclina- 
tion to the radius. How much this motion is^ will appear by 
the following (hort calculation. 

The diftanoe TD beingi as before/ equal to 8400« and 5DL 
being 089, the indination of the plaife in this pofition is 
4** 59' 35", the fine-complement of which is to the radius 
as 525 to 527 nearly; therelbre the force of gravity is to the 
motive force for the node thus diimnKhed in the compound 
proportion of 8400 to S82| and of 5£7 to 5^5, that is^ in the 
proportion of 4(2 16 to )4K So that the greateft motion of 
the moon from tlic node is to the motion of the moon in the 
fubduplicate proportion of 4357 to 42 16, that is, in the pro- 
portion nearly of () 1 3 to G03. According to which calculation 
the gieateil hourly motion of the node ought to be SS" 47'^* 
9f Sir Ifaac Newton's Method, it amounts to SSf Wi. 

This is the fwifteft retrograde motion of the node, when 
the iine of the mdcs is ia u quadrature with tlie iun, and tk^ 
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. moon b in its greateft latitude in coDjuitdioQ or oppofition to 
the fun. Bat the equant for the motion of the moon from 

the node in this month, when the line of the nodes is in qua- 
d/ature with the fun, is an ellipfis about the centre; and 
therefore the mean motion in this month will he knowi^ bj 
the following rule; 

The mean moHon of the moan from the node, in that monih 
when the line of the nodes is in a quadrature with the fun, is a 
geometrical mean 'proportional, between the grcatejl motion of 
the moon from tht nodt and the motion of the moon* 

And therefore this mean motion will be to the motion of 
the moon in the fhbdnplieate proportion of 618' to QOS, that 
is, nearly in the proportion ot" 1(221 to 1211. So lliat the 
mean motion of the node in this month will be to the mo-» 
tion of the moon as 10 to 12 11^ whidi makes the mean hour- 
ly motion 16" IQ'"^* According to Sir Ifaae Nemion, it 
amounts to l6^ 35"'; hut, by the correiftions which he after* 
wards ui'es, it is reduced to 16" l6"'^. 

But the equant for the nntiiial motion of the fun from the 
pode being alfo an ellipfis, it follows, that 

The mean motion of the fun from the node is a geometrkal 
mean proportional between the motion rfthe fan and the mean 
motion of the fun from the node in the month when the lint 
of the nodes is in quadrature rvith the fun. 

How near this rule agrees with the obfervations, will ap« 
pear by ihb calculation. 

Since the mean motion of the node in that month whea 
the line of nodes is in quadrature to the fun was before 
Ihewn to be to the moon's mean motion i\s 10 to 1211, an4 
the motion of the fun is to the motion of the moon as l60tO 
£lS9j it follows, that the motion of the node and the mo* 
tion of the (hn will be in the proportion of 154 and 1595; 
and, therefore, by the rule, the fun's mean motion fifom ihet 
node is to the fun's mean motion in the fubdupUcate pro 
portion of 1549 to 1395, that is, nearly as 98 to ; which 
fsorrefponds with the obfervattons, there being 98 revolo* 
fions of the fun to the node in j}d revoiotiona of the fun 
^l|e fubdupliqate pro|>ortion taken more nearly is as 941 to 
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893, whicb'wilf firodace 19"* 21' 3" for the motion of the 
node rroin the i'lxcd ilars iu a iidereal year. The motioa 
(as ohferved) is 1>1' 2^". 

'Had the culcdlation from, tbe rale been more exa^ly 
nade ta large nombeci, the anaiial motioa produced wouM 
be sr 07% which is 14" k& than the motion^ as oh- 
ferved by the aftronomers. 

Which difference may very probably arife from tbe fun's 
parallax; and, if fo, it may perhaps furniOi thebeft and moft 
cer|ain method of ac^ftingiaiid fiioiig the true diilance of 
die fan. Por the fan's force being fomething more on that 
half of the orb which is towards the fun than what it is on 
the other half, the elliptic epicycle is accordingly larger in 
tke firii c^fe than in ,the hitler. And by calculation I find 
that the mean motion of the node^ arifin^ af^ confidera- 
fion is had of thia dififeience^ is more than the mean motion 
from the mean magnitude of the epicycle by near 2" in the 
year, for every minute in the paralladic angle of the orbit of 
the moon^or for every lecond of the fun's parallax. And, by 
the beft compntatioa 1 have yet made, this difference of 14^^ 
hi the annual imotion of the node wiU 4rtfe ftom about 8^ 
of parallax ; which will make the fon's diftance above 2500Q 
femi-diameters of the earth. 

In like manner as the equant for the motion of the node 
jsi that month when the line of the nodes is in quadrature 
with the fan is an eliipfis^ fo in any other month it is alfa 
an ellipfis; th^ motion of the node being dtre^ apd retro* 
grade by turns, in the moon's pafling from the quadrature tQ 
the fun to the place of its npde^ and from the place of its node 
to the quadrature. 

But thefe elliptic eqnants do not only ferve to ibew th« 

>f tTJ pul^i of Is »>^«»^tJ of *^ motion of the node, bat alfo 
tnooi'totbittotiie the inclination of the plane of the moon's 
ff^of m teUp- ^^.-^-^^ ^i^g plane of the ech])tic. Thus the 

rays in the elliptic equants, for the motion of the moon 
from tbe node in each month, defign the inclinations of the 
plane of its orbit to the plane of the ecliptic in the fever^ 
^fpe^ve pofitions of the moon ta the line of the nodes. 

Aud tlierays of the ellipUc e(^uaQt for tl^c auuuul muliou ui 
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ttm fim iiPOiii.llMi nodd, ta my confi.ru6Uoti (m tibe felxcL la 
prep ^ 33, book 3, of Sir IJiioe Nemt9n*$ Frme^aj,de&ga Ihb 

different mean inclinations of the (aid plane to the plane of 
tlie ecliptic in each month, when the fun is in each reljpe6^v9 
•ipedi to the line of the nodes. 

Thus if. NT <Fig. d) (ibe lemi^raitfverle axk of ibe 
tic equant for ibe^motton of ibe ika fram the oocfe) defign 
the mean inclination of the plane, or, which is the famo 
thing, if it reprefent the mean diftance between the pole of 
the ecliptic and the pole of the moon's orbit, in that mottib 
when the fun is in the line of the nodes, TH> lhe4eau-coa^- 
jugateftzis of the (aid dJipfi% willdefign the mean indi- 
cation, or mean diftance of the poles in that month 
when the line of nodes is in quadrature to the fun ; 
find TB, any other lemi-diameter of the faid ellipfta^ 
will reprefent die mtei diftance between the faid pok% 
when the fno is in that afpeA to the line of nodes 
which is deligned by the angle NTA. For example^ 
if the lead inclination defigned by the Ihort femi-axis TH 
be 6° 00' 00 ' i hnce TH is to [ K as the motion of the fun 
' to the mean motion pf the fan from the modt, bj ^hm 
property of this eqoant; land fince there are 98 rerolntiona of 
the fun to the node in 93 refolutions of the fun; it fol^ 
Jows, that HK, the difference between the greateft anc| 
leaiiofthe mean inclinations in the feveral months of thf 
year» is to Tti> the kaft, as ^ to 9d; by which proportkMi 
the faid diffeienee will amount to 16' 10*. . Accosding.ttt 
&f Ifiute Nwhm's compatation, in the 36th prop, of the 
third book, it is l6' 23' i. But if the faid number be leffened 
in the proportion of 09 to 70, acccording to the author's 
note at the end of th$ S4th prop, the faid difference will her 
irome 16' tf\ 

And in like manner the inclinations of the plane of the 

moon's orbit, in that month when the motion of the node is 
fwifteft (being fituated in the line of quadratures with the 
fm), are determined by the ^nanl ibr the motion of Iba 
inopn team the node in that month. 

l1)us,letTH betoTN (Fig. 2) inthefobdaplieate propoitioil 
pf the moon is motion to its greateft motion from the node, 
Vvhej^ the i^poi^ is coiyun^on in Til i that is (as wasbe« 
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fore determined), lei TH be to TN Hi the proportion of IQll 
to 1221 ; and the eliipfis defcribed on the femi-axcs TH and 
'TN will be the equaat for the motion of the moon from the 
aode in that 'month. And the rays of the faid equant will 
defign the iDclinations of the plane in the feTeral afpeds of 
the moon to the line of the nodes; that is> if TN be the 
inclination of the plane, or the diftance of the pole of the 
ecliptic from the pole of the moon's orbit, when the moon 
is in TNf the line of the nodes, the ray TB will reprefent the 
diftance of the faid poles, or the inclination of the plkne, in 
that afpeiSlwhichisdefigned by the angle NTB.' ' . 

Which be'rog laid down, it follows that the whole variation 
of the inclination, in the time the moon moves from the 
line of the nodes to its quadrature in THK, is to the leail 
inclination as KH to TH, that is, as 10 to 1311. Wheie^ 
|bi« if the leaft inclination he 4^ 59^ 35" f the whole varia* 
tion will be 9^ 29". This is upon foppolitimi that the fan 
continued in the fame pofition to the line of the nodes 
during the time that the moon moves from the node to its 
ifnadrature. But, the fun's motion protracting the time of 
^e moon's period to the fan in the proportion of 13 to 12^ 
the variation mnft be inereafed in the fame proportion, and 
will therefore be 2' 41". According to' Sir IJ'aae NewtonU 
computation, as delivered in the corollaries to the S4th prop^ 
of the 8d book, for itating this greateil vatiation (the inter* 
mediate variations in this or any other month not being oom^ 
puted or ihewn . by any method), it amounts to 9f A9^\ Bat 
if the faid quantity be diminifhed in the proportion of 70 to> 
69, according to his note at the end of the faid propofiiion, 
it will become the fame preciii^j^ as it i& here derived Irom 
die eqnant. 

The motion of the moon from, the fun, as it is accelerated 

•f T^e l^el''lZ ^ «twd«d by the incieraoit of liie aiea de- 

fcrlbcd by the fcribed about the earth (according to the 26th 
mwa stent tht ^^.^^ book), is alfo to be reduced to 

aft elliptic equant, by taking theihorter axis to the longer 
axis in the fubquadruplicate prapcnrtion of the Ibrce of the ' 
iDdon's gravity to the earth to the faid force added tn thr^ 
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times the mean folar force, that is, as TA (Fig. 1) to the firft of ' 
three meao pr<^rtionals between TA and TA + 3AQ. And 
in the fame proportioii k the aiea defcribed by the aiooxf 
about the earthy whca in qoadrattnie with the Ikn, to the 
mean area, or as the mean area to the area defcribed in the 
fyzygies : fo that the greatefl area in the fyzygies is to the 
lea&in the quadratures in the fubduplicate proportion of 

TA + SAQ to; TA, or as ^SJT to ^Sioo. This is upon 

fuppofition that the moon revolves to the fun in the fame 
time as it revolves about tlie earth ; which will be found to 
agree very nearly with Sir Jfaac Newton's computation in 
the before-cited proportion. 

The notioiiof -And after the fame manner an elliptic 
OtapovM. equant migbt» be conftruded, which would 
very nearly fhew the mean motion of the apogee, according 
to the rules delivered by Sir Ifaac Nerrton (in the corollaries 
of the 45th prop, of the firii book) for iUting the motion of 
the apogee, namely, by taking the greateft retrograde 
notion of the apogee from the force of the fun upon the 
moon in the quarters, and the greateft diredl motion froni 
the force of the fun upon the moon when in the conjundtioa 
oroppofition; each according to his rule, delivered in. the 
fecond corollary to the faid propofition. And if an ellipfis 
be ma^e whofe axes are in the fubduplicate proportion of 
Ate moon's motion firom the apogee, when in the faid fwiflteft 
dire^l and retrograde motions, the faid ellipfis will be nearly 
X the equant for the motion of the moon from the apogee, and 
wili be found to be nearly of the form of that above for the 
increment <^ the atea. 

But the motion of the apogee, according to this method, 
will be found to be no more than 1"^ 37' 22" in the revolution 
of the moon from apogee to apogee, which (according to the 
obfervations) ought to be 3* 4' 7i". 

So that it feems there is more force neceifaTy to account 
for the motion of the moon's apogee than what arifes from 
the variation of the moon's gravity to the fun, in its revolu* 
tion about the earth. 

Vol.. JJI. P 
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But if llie canfe of this motion be fuppofed to arife ffom 
the variation of the moon's gravity to the earth, as it revolves 
round in the elliptic epicycle^ this difference of force, which 
k nearly double the former^ will be found to be fufiicient to 
aoconnt for the motion, but not with that ezadnefs as ought 
to be expeded. . Neither n there any method that I have 
ever yet met wiiii upon the commonly received principles 
which is perfedUj fu&cient to explain the motion of the 
moon's apogee. 

The rules which follow concerning the moUon of the apo- 
gee, and the alteration of the .eccentricity^ axe founded upon 
other principles, which I may have oocafion hereafter to 
explain^ it being, as I apprehend, impofiibk to derive thefe, 
and many other fuch propoiitions, from the laws of centripe- 
tal forces. 

Let TC (Fig. I) (in the above conflruAion of the lunar 
orbit) be the mean diftance of the moon, or half the fum of 

its greateft and leaft diftances, viz. TQ and TL; and let CL be 
the mean fcmi -diameter of the elliptic epicycle, or half the 
fum of the femi-axes ; and take a diiiance LMj on the other 
fide towards the centre, equal to CL i then 

He mean motion of the moon from its apogee is to the nfean 
motion of the moon in the fidf duplicate proportion ^TM 
to TC. 

For example ; half the (horter axis or DC is 23| ; therefore 
TC the mean diiiance is 837^1 ; CM or 2CL, the fum of 
the femi-axes, is 14 1 ; fo that TM is . 8235|. Wherefore the 
motion of the moon from the apogee is to the motion of the 
moon in the fubduplicate proportion of 8235| to 837 G|, or 
of 16471 to 1675s, that is, nearly as 117 to 118, or more 
nearly as 352 to 355; or yet more nearly, as 1877 to 1893 » 
fo that there ought to be about 16 revolutions of the apc^^ee 
in 1893 revolutions of the^moonj .which agrees to great pre* 
cifenefs with the moft modern iiupibersof aftronomy, accord- 
ing to which proportion the meah motion of the apogee 
in a fidereal year ought to be 40*" 40' 40^". But, by the 
iiumbers in Sir Ifaac Newton'a theory of the moon, the iaid 
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i^ottoii is '40^ AJtjf A^. Accotding to tbe nambM ^ T^thQ 

Brake, it ought to be 40° 40' 47". 

The mean motion of the apogee being (latedj I find the 
following rule for the alteration of theeccenlri- ^Tke wiaiwa 
City. ' ay. 

The Ua/i eecenificiiif u to, the mian eccenirmty in the dupH* 
eate proportion of the /im'« mean motion from the apogee of 
the moon\ orbit to the funs mean motion. Or in the dvpH-* 
cate proportion of the periodical time of the fun's revoiution 
fo the wuan periodieul time it$ revolution to the moon^t 
spoget^ 

By tbe foregoing role fbr the mean motion of the 

apogee there are 16 revolutions of the apogee in 1893 
revolutions of the moon ; but there being 254 revolutions 
of the moon in 19 levoiutions of tbe fun> there mnft 
be about 7 levdations of tbe apogee in about 62 revolutiona 
of tbe fun^ or rather about 20 in 17t- So that tbe periods 
of the fun to the ftars; and of the fun to the moon's apogee, 
are in proportion nearly as the numbers 157 and 177. The 
dofilicate of which proportion is that of 107 to 1S6; which, 
aooording to the rde, ought to be the propcHrtioa of the leaft 
eccentricity to the mean eccentricity. 

So that by this nlle tbe mean eccentricity (or half the fum 
of tbe greatefl and leaft) ought to be to the difference of the 
mean iVom the leaft (or half the di^Qsience of the greateft and 

Uieleaft^as 136 to29* 

How near this agrees with the obilervations, wOl appear 
ftom tbe numbers of Mr« Honox, or Mr* Flam/led, and of 
Sir Ifaac Newton. 

The mean eccentricity, according to Mr. Flamjled, or Mr. 
Uorrox,iM 0.055^36; half the differeHlDe between the greatefl 
and leaft is 0.01 l6J7; which numbers are in the proportion' 
of 1S5{ to d8{ nearly. 

According to Sir IJaac Newton, the mean eccentricity is 
0.05505; half the difierenc^e of the greateft and leaft is' 
0.01 173 ; which numbers are In proportion nearly as 135^ to 
48U> ^ach of which proportions is very fSt^ that abovw 
affigoed* 
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' fittlitif lo denoted, that the rule whidi fit bcfre laiJ 
down it tnie only upon fuppofitkm that the eoceotrtdilf ia 
MMdiDgly fmalL Th%tt M«iiotfaer rake derived from a dtftr- 

ent method, wliich prefuppofcs the knowledge of the quati* 
tity of the mean eccentricity ; and which will not only deter- 
miae the variatioii of the eccentricity according to the laws 
lif gravity wkh greater eaM^aefa, but ferre alfoto com^ an. 
bypothefiftiathemodem theories of the mocMa^ iawlucbdiieir 
greateft error feems to ooofift ; and that in pkMsmgikeeaiitk 
in the focus of that ellipfis which is defcrihed on the extreme 
diameters of the lunar orhit ; whereas it ought to he in a 
oertain point nearer the perigee^ as I nuiy bavie pecafion to 
^pkin mece fttMy hereafter. 

The greateft and ieaft eoeenliicity being deterauned, the 
equantfor the motion of the fuD from the apo- xhe equation 
gee is an ellipfis whofe greater and lefleraxes ^ the apogee, 
we the greatefl andkaft eccentricities; and^ thereibce^by the. 
property oC fiieh «a eqaant aabefore laid down> 

nefiaeirftiegrm^ efmtdie^ of the apogee wiU he to the 
tm Hm 4n the diference of the axes of the equant is to their fum; 
that is, as the dijftrcnu of the greateji and ka/t eccentrkUus io 
♦ their fum. 

fbr exwiple$ finoe thedifoencetBto the Cutt as Wto 
by what was4eleniiiied in die foregoing arlide^ the greateft 
equa^ «f the apogee wiB be elbont 12* 1 8' 40^. Sir Ifkue 

Newtoii has determined it from the obfervations to be 12° 18'. 

The greateii and lead eccefntricifcies being detennined^ the 
eccentricity and equation of the apogee, in aiqr given aipe&of 
the fan, are deteimined by the equant in the' ftUotringman- 

LetTN be the greateft eccentricity, TH (Fig. 2) the leaft; 
the ellipfis on the femi-axea TN and TH the equant ior the 
motion of the apogee. 

Then tftheMf^MTP he nuide eqoal to di^ nessdir- 
tnnoe or meatn motion of the fun from the apogee, the angle 
IsTO will be the true diftance or motion of the fun from the 
apogee ; the diiferenoe BTF the equation of the apogee ; and 

the ray TB theecoentdcily of the orbit, m that afpea «f the 
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fun to the apogee ctpfigned by the angle ^TR. Hence aiifes 
this rule: 

The tangeni of the mean difiance, viz. NTF^ is to the tan* 
gmt of the irui iijtancc NTB tit the gheu fnportiM 4f $hi 
gnmtefi ccmiridiy TN to th^ la^ TH, tM h, as 165 
to 107. 

From whs^t has been laid down concerning the general pro- 
|>erty q£ an equant^ tbat it is a curve line ckicribed about tlM 
PBDtte, wkod'e rays aie recipiPocaUy ia the jfobduplica^ pp* 
porktoB of the Tdoeky ad the centre^ or the Teloetty of.raTO* 
Jution^ it wili not be difficidt to deferibe the proper cvr^ lor 
any motion that is propofed ; and where the inequality of the 
motion throughout the revolution is but fmall, there is no 
seed of any nice or fcrupulous exai^bMft in the quadrature of 
Ibe curiae £ot (hemng what the equation ii. Thus all the 
finall acnniial equations of the moon's motion arifing from the 
different diftances of the fun, at different times of the year^ 
may be reduced to one rule exadl enough for the purpofe. 
• for fince the iun's force to ci^eate thefe annual alterations 
is lempfocally in the triplicate proportion of the 4iftaoeej the 
j^ays of theeqwant for Ihch i| moUon will be in the iefquipli* 
pate proportion of the diftance. From whence it will not be 
difficult to prove, that, if the revolution of the motion to be 
equaled were performed ii^ the time of ^he fun^s revqlutipo^ 
the equation would be to the equation of the fun^ eentve 
peady as 3 tp2: and fo if the force decreaied pa any other 
power of the fan's difiance^, fuppofe that \vhQfe index is m^ 
the equation would be to that of the fun's centre as m to 2« 
9ttt if the motion be performed in any other periods the equa? 
tion will be more or lefs in the proportion of ^e period of 
the re?oiution to the tan to the period of the revohition of 
the motion to be equated. Thus if it were the node or apogee 
of the moon's orbit, the equation is to the former as Llie pe«? 
Tied of the fun to the node or apogee to the period of the 
^lode or apogee. Which rul^ makes the greateft equation for 
(he node about B' 56^ being a fmali matter kfa than that ii| 
JUkac Nei^ftpi'a theory ; and the greatefteqnation for tUe 
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apogee about 21' 5T, being fomethiDg larger than tfaftfc late 

fame theory. 

Tbe like rule will ferve for the annual equation of tbe 
moon's mean notion. If, infiead of the equatton for the 
fim'a oentoe^ anotber fiaiaU equation be taken in propoftna 
to it as the force, by Sir Ifaae Newitm called the mean folsr 

force, to the force of the moon's giavity, or as 47 to 84-00, 
the faid equation increafed in the proportion of the fun's 
fierM to the mean fynodical period of tbe moon to tbe ian^ 
orofg0to8, will be the aanniil eqaation of the moon's mean 
motion. Acooiding lo this» die eqoatkm^ when greateft, 

will be 12' 5". 

Wliat is faid may be fufficient for the prefent purpofe, 
which is only to lay down tbe principal laws and rules of the- 
feveml motions of the moon, accoidtng to graTitj^. Some 
other propofitionsy whioh ieem no lefs neoeffary than the 
former fov oompleting the theory of the moon's moticm, as 
to its ailroQomical ufe, I referve to another time. 

But, to make fome amends for the (hortnefs and con- 
fiifednefs of the preceding propofitionsj I (ball add one ex-r 
ample to (hew the nfe of the eqoant more at large, in what 
is commonly called the folotion of the Keplerian problem ) 
that being one of the things which I propofed to explain, 
when the elements fpr tl^e theory of ti^e u^ooi^ were ad^ 
V^tiied, 



jin Example of the Ufe of the Equant in finding the Efua^ 

tioti of the Centre. 
LET the figure ADP (Fig. 3) be the orbit in which 
a body revolves, defcribing equal areas in equal limes by lines 
drawn from a given point S; and lei it be propofed to find 
the equant for the apparent motion of the faid body about 
any other place within the orbit, fuppofe F. 

Let there be a iine FR indefinitely produced, which revdves 
with the body as it moves through the arc AR \ and in ibei 
And ^ take a diftance Fp, which (hall be to FR^ th^ 
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cllilance of the body from the given point F, in the fubdu« 
plicate proportion of the perpendicular let fall upon the tan- 
gent of the orbit at R from the point S to the perpendicular 
on the faid tangent let fall from the given point F ; and the 
CQrvilinear figure^ defcribed by the point p, fo taken every 
where, wiU be die eqoant for the motiim of the body aboa^ 
the point F. 

For iince the areas defcribed at the diftances Fp and FR 
aine in the duplicate proportion of thofe lines, that is, by the 
ooafini^on, in the proportion of the perpendicoUurs on the 
tangents let fall from S and the areas which the body de- 

fcribes in moving through the arc AR about the points S 
and F are in the proportion of the fame perpendiculars ; and 
therefore the area deicrib^ by the revolution of the line Fp 
in the figaie will be equal to Uiat which is defcribed by the 
vevolntion of the line SR in the orbit. So that the areas de- 
fcribed in the figure will be equal in equal tiAies, as they are 
in the orbit ; and, confequently, the rays Fp of the figure 
will conilantly be in tlie lubduplicate proportion of the velo- 
city of the motion^ as it appears at the centre F, which is the 
property of the eqnant. 

From which conftni^on it will he eafy to (hew, that, in the 
cafe where a body defcribes equal areas in equal times about 
•a fixed point, there may be a place found out within the . 
orbit^ about which the body will appear to revolve with a 
motion more uniform than about any other place. 

Thus, fuppofe the orbit ADP was a figure, wherdn the r&- 
moLcit and neareft apfes A and P were diametrically oppofite 
in a line palling through the point S, viz. the point about 
which the equal areas are defcribed ; then if the point F be 
.taken at the (ame diiianoe from the remoteft apfis A as the 
point S is from the neareii; apfis P» the faid centre F will he 
the place about which the body will appear to have the moft . 
uniform motion ; for in this cafe the point F will be in the 
middle of the figure LpDl, which is the equant for the mq* 
tioQ about that point ; fo that the body will appear to move 
about the centre V as fwift when it ia in its iloweft motion in 

P4 
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the remoter iipfis A as it does when it is in its fwifteft mptioii 

in the nearefl apfis P. 

- For, by the conftrudion, when the body is at A, the ray 
of the equant FL is a mean prdportional between AF and 
AS; and when the body is St P> the ray of the equant Fl is a 
meaQ proportional between the two diftances PS and PFj, 
which are' refpe^Uvely equal to the former. 

And in like manner, in an orbit of any other given form, a 
^lace may be found about which the motion is moft re- 
gular. 

If what has been faid be applied to the cafe of ^ body re-r 
^Iviog in an elliptic orbit, and defcribing eqnal nveas in 
equal times about one of the foci, as is the cafe of a planet 

about the fun, and a I'econdary plaiiet about the priuiary one, 
it will ferve to (hew the foundation of the feveral hypothefes 
and rules which have been invented hy the modern adronct* 
ineis for the Moatingof inch motions, and likewife fliew how 
far each of them are deficient or imperfed. 

For if the ellipfis ADP be the orbit of a planet defcribin|[ 
equal areas about the fun in the focus S, the other focus, fup- 
j>ofe F, will be the place about which the motion is moil rc- 
goJaTj firom what has been already faid ; that focus being at 
the fame diftance from the aphelion A as the fcin at S is from 
* the perihelion P. And, by the coDftru^^ion, each ray (Fp) 
of the equant wiU always be a mean proportional bclween Fll 
and RS, the two diftances of the planet from the two foci^ in 
that place where the ray Fp is taken y for the rays Sli an4 
BF» making eqoal angl^ with the tangent at by the pro* 
perty of Ihe dfipiis, are in the proportion of the perpendi- 
culars from S and F, let fall on thofe tangents. And, there- 
fore, Fp being to FR in the fubduplicate proportion of SR to 
FR> it will be a mean proportional between thole diftances. 

1. Hence when the planet is in the aphelion A, or perihe- 
lion P> the rays of the eqnant FL and Fi are the fliorltfly 
' each being equal to CD, the leiTer femi-axis of the mhit ; for, 
by the property of the el lipfis, the rectangle of tlie extreme 
diftances frooi Uie focus is equal to the fquare of the leHer 
leuii-axis. 
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S, When the planet is at its mean diftance from the fun ia 
P or d^ the extremities of the leflef axis, the equant cut* 
die <Mrbi( in the fame plap^ ; the ray« of the equant being^ 
then the longed;^ being ea^i^i equal to the greater femi-axit • 
CA. For inthofe points of the orbit the diftances from the 
foci and the mean proportional are the fame. 
From which form of the equant it appears^ 
1. That t|ie velocity of the revolution about the focus 7 
^iminiihes in the motion of the planet from the aphelion or 
perihelion to the mean diftance^ and increafes in pailing 
from the mean diftance to the perihelion or aphelion ; for the 
rays of the equant increafe in the firft cafe, an4 diminifh in 
\he latter ; an^ the velocity of reyoliition increafes in the du« 
plicate proportion^ as the rays diminifh. • 

In any place of the orbit^ fuppofe R, the velocity of 
the revolution about the focus F is in proportion to the mean 
velocity, as the re^iangle of the femi-axes of the orbit CD 
and CA to the re6langle of the focal diftances KF and RS ; 
ffx the equant and the orbit^ being ^ures of the fame area, 
are each equal to a circle whofe radius is a mean proportional 
between the two femi-axes CD and CA. But the mean mo- 
tion about the focus F is in thofe places where the faid circle 
cuts the equant ; and. in other places the velocity of the re« 
volution is reciprocally as the fquare of the diftance^ that is, 
reciprocally as the re&angle .of the focal diftances RF 
and RS. 

S. So that the planet is in its mean velocity of revolution 
about the focus F in four places of the orbit, that is, where - 
the redlangle of the focal diftances b equal to the re^angle 
of the femi-axes; which places in orluts nearly circular, fuch 
as thofe of the planets, are about 45 degrees from the aphe- 
lion or perihelion ; but may be afligned in general, if need 
be, by takiug a point in the orbit, fuppofe H, whofe neareft 
fUftance from the lefier axis of the orbit CD is to the longer 
^mt-axis CA in the fubduplicate proportion of the longer 
axis to the fum of the two axes ; as may be eafily proved. 
' What has been faid may be enough to fhew the form of 
the equfuit^ aod the iQiamier of the motion about the upper 
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focos In general ; bat the precife determination of the in* 

equality of the motion requires the knowledge of the quadra- 
ture of the feveral fccftors of the equant, or, at lead, if any 
other method be taken^ of that which is equivalent to (uch a 
quadrature. 

There are diven methods for ihewing the relation between 
the menn and tnie motion of a planet round the fun, or round 
the oll)er focus, fome more exadl than others ; but the fol- 
lowing feems the moil proper for exhibiting in one view all 
the feveral hjrpotbeies and rules whioh are in common ufe in 
the modern aftronomy, whereby it may eaiily appear how 
far they agree or differ from each other, and how mnch each 
of Llieui en s from the precife determination of the motion,; ac- 
i'oi (!i[ig to the true luvr of an equal defcription of areas about 
the fun. 

Upon the ^ntre F defcribe the eJlipiis LNl, eqnal and 
iimilar to the elliptic orbit ADP, but having its axes FN 

and FL contrarily pofited, that is, the (horter axis LF lying 
in the longer axis of the orbit AP, and the longer axis FN 
parallel to the fhorter CD, Let the focus of the faid elHpfis 
be in f ; and fuppofe two other ellipfes LBi and Lf 1 to be 
drawn upon the common axis iA, one pafiing through the 
point B, where the perpendicular FN interfedls the orbit, and 
the other through the focus f. Let the line FR, revolving 
with the planet in the orbit, be indefinitely produced, till it 
interfedt the firil eliipiis LNl (which was iimilar to the orbit) 
in Q, the equant in and the ellipfis LBI (drawn through 
the Interfedion B) in K. From the point K let fall KH per^ 
pendicular to the line of apiides AP, and let it be produced 
till it interfe6l the firlt ellipfis LNl in O, and the ellipfis Lfl 
(pafiing through the focus f ) in £ ; and, lailly, in the ellipfis 
LNl let GM be an ordinate equal and parallel to EH. In 
which conftru^on it is to be noted that the ellipfes Lfl and 
LBI are fuppofed as drawn only to divide the line OKH in 
given proportions, that KH may be to OH as the latus 
rectum of the orbit to the tranfverfe axis ^ and that EH or 
CiM, the bafe of the elliptic fegment GLM, may be to OH 
as the diftance of the foci to the tran{ver£d am 
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Which being premifed, it will be eafy to prove that the 
fe6lor pFL in the equant, or, which is the fame thing, the 
fe6lor RSA in the orbit^ is equal to the curvilinear area 
OKFMQ, that is, equal to the elliptic fe^or QFL, dednaing 
the fegment IMQ, and adding or fubdn^ng the trilioear 
Ipace QKO, according as the angle HFA is lefs or greater 
than a right angle. VV^herein it is to be noted lliat thefe figns 
of addition and fubdu6lion are to be ufed in general, if the 
angle AFR is taken from the aphelion in tiie firft femi^circle^ 
bot towards the aphelion in the latter femi'Ctrcle ; hut if die 
angle AFR he taken the fame way throughout the whole re- 
volution, as is the method in agronomical calculations, then 
the fegment and the trilioear fpaqe in the latter iemi-circle 
muft be taken with the contrary figns to what are laid 
down. 

Hence it appears that the inequRlity in the motion of a 

planet about the upper focus F confifls of three parts. 

I. The firft and principal of which is the inequality in the 
alteration of the angle QFL in making equal areas in the ellip- 
fis LNl (Fig. 3) ; for if a circle equal to the ellipfis bedefcribed 
upon the centre F, fince die radius (being a mean propor* 
tiuual between the two femi-axes) will fall without the elliplis 
about the line of apfides, and within it about the middle 
diftances, the angle QFL, which is proportional to the area 
defcribed in the circlcj will therefore increafe fafter about the 
Jine of apfides^ and flower about the middle diflances, in de* 
fcribing equal areas in the ellipfis, than it ought to do in the 
bypothefis of Biihop Ward, who makes the planet revolve uni* 
formly about the focus. The equation to re^iify this in* 
equality is determined by the following rule. 

The tangent of the angle QFL is to tjse tangent of the angb 
in the circle including the fame area as the longer axis of the 
ellipfis to the Ihorter axis ; and the difference of the angles 
whofe tangents are in this proportion is the equation; as is 
jnauifeft from what was before faid on the properties* of an 
elliptic equant. From the fame it alio follows^ that, 

' Iv The greateft equation is an angle whofe fine is to the 
facliu^ as the di&reuce of the ^xcs to their fum^ orj which is 
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the lame things as fchefquare oi the diflance of tbe foci to the 
iqnare of half the fuin of the axes. So that in eUij^fea ncBcAy 
^cQlar, of difierent cceentricUies^ this greateft eqnatioii 
will varjr nearly ia the duplicate proportioa of the eccen- 
tric! i v. 

2. In eliipfes nearly circular, the equation at any giveq 
angle QFL is to the greateii equation nearly as the fine of the 
double of tbe given angle to the radius; which follows from 
lience, that the equation is the difference of two angles 

^hoie tangents are in a given proportion, and nearly equal. 

3. This equation adds to tbe mean motion in the firft and 
third quadrant of mean anomaly, and fubdut^in the fecond 
#tid fourth ; as will eidily ^pefur from that the line QF» ia 
^efcrihing equal areas in the elUpfes, makes the 'angle to tiit 
line of the aplides Jefs acute than it ^onld he iq an uniforu^ 
^evolution. 

This is the equation which is accounted fur in the hypo* 
Aeiis of Bullialdm ; for he fuppofes the motion of the planet 
in its prbit to be fo regulated about the upper focus, fihtt% tlM 
tangents of the angles, from the lines of apiides, iball always 

be to the tangents of the angles anfwering to the mean ano- 
maly in the proportion of the ordinates in the eiliplis to the 
*ordinates in the circle circumfcrihed ; which in effe^is the 
fame as if he had made the true equant for its motion abou| 
the ibcus F to be the eliipfis as above defcribed. 

The fame equation is alfo ufed by Sir Ijaac Nt'ulon in liis 
folution of the Keplerian problem, in the fcholiuni to tbe 
Sift prop, of the 1& hook, and there deiigoed by the 
letter V. 

But iimce the true equant LDl coincides with the elliptic 
equant in the extremities of the fhorter axis at L and 1, and 
falls within the fame at its interfei^tion with tbe longer axisi 
FN, it follows, that tbe motion of the planet in tbe Ibmi* 
circle about the aphelion is fwifter than according to the hy- 
pothesis of an equal defcriptbn of areas in the elUpfis LNIj^ 
and for the fame reafon flower in Ute other femi-drcle about 
the perihelion; tbe velocity about the centre F being always, 
reciprocally in the duplicate proportion of the diftance. 
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' tViiieb leads to the fecood part of the ineqoaGty of the 

motion about the focus. 

II. The equation to re<$lify this inequality is an angle an- 
iwering to the figment GLM f wbioh angle is to be added 
lo the meaa aiiQiiii4y» to qiake the area of the'eiiipUc 
Snftor QFL. 

This angle or equation is determined by the following rule.. 
Let R be an angle fubtended by an arc equal in length to. 
Xbe radius of the circle/ viz. 57,29578 degrees ; and let A be 
ma angle wboie fine is to the radius as 6M^ the bafe of the 
ftgment, to FN, the ienkiranfverfe axis ; alfo let- B he aa 
arc in proportion to II, as the fine of the double of the angle 
A to the radius : then the equation for the ft^ment will be 
^ualtoA — iB. 

. TUs equatioo b at its maximmn.when Uie aag^ LFQ Is a 

right angle ; the bafe of the fegmeat becomiDg equal to F^ 
half the diftance of the foci; and the angle A, being in this 
fcafe half the angle FDS formed at tlie extreuiity of the iefler 
axis, and fubtended by FS, the diitance of the foci; which 
v-ooniMfily. ealled the greatefl equation of the caitre. Aod^ 
eonfiscfoeotljr^ the arc this cafe^ k to R a» the fiji^ol 
the faid greateft eqnatkm of the centre is to the radiu9« So 
tlmt^ according to this rule^ foc ibe meafure of tl|e ii(:gaient^ 
it will follow, that, 

!• This greatefi; eqoiitioti is in proportion to the greateil 
eq«atio« of BtdlmUm, as foand in the preceding article Air 
tlbe ^ipttc equality neariy as three times the tranfverfe axis 
to eight times the diftance of the foci. Or, otherwife, the 
greateil equation is to the angle defigned by R as twice the 
cube of the diitance between the foci to three times the cube 
•f the tranTverfe axis. Either of which rules may be dented 
from tbe true angle, as before determined ; or by taking j. of 
the re<5langle of GM and LM, the bafe and height of the 
legment, for the meafure of that fegment. 

jSp that in cUiptic orbits nearly ciroular thisgreateft equalioR 
finr the i^gflMSit is io -the triplicate proportioii of the ec« 
oeatdcity. 



22^ TItfc tkV^S of 

£• This equation at any giv^a angle QFL is to tlie greateA 
equaUon io the triplicate proportion of the ordinate OH Vet 
the femi-tranfverfe; that is, nearly as the cahe of the fine of 
the mean anomaly joined to the double of BuUiaidui^B eqan^ 
tion to the cube of the radius. For the fegment GML, which 
, is proportional to the equation^ is in the triplicate proportion 
of its bafe nearly ; and the bafe is proportional to the ordinate 
OH, by the oonftrmSkion^ 

B«t the ordinate OH (In a circle defcribed upon the radiuv 
FN) becomes the line of an angle whole tangent is to the 
tangent of the angle QFL in the proportion of the tranfverfe 
axis to the conjugate ; but the tangent of the fame angle 
QFL is to the tangent of the mean motion anfwering to the 
area of the dliptic equant QFL In the fame proportion. So 
that the ordinate OH is to the fine of that angle of mean 
motion in the duplicate of the faid proportion ; and confe- 
quently the ordinate OH, in the circle on the radius FN, is 
the fine of an angle nearly equal to the mean anomaly joined 
to the doable of BuUialdus*^ equation. 

8. This equation adds to the mean motion in paffing from 
tbe aphelion to the perihelion, and fubdu6ls in pafling from 
the perihelion to the aphelion ; as is evident from the tranlit 
of the point of interfe^iioa £ round the periphery of the ellip« 
lis Lfl. 

In Sir Ifaat Newion*n rale (in the before«<;ited fcholium ta 
the sift prop. ]ft book) the angle X an(wers1:o ^this equation 

for the fegment; excepting that it is there taken in the tri- 
plicate proportion of the fine of the mean anomaly, inftead 
of the triplicate proportion of the ordinate OH* The error 
of this rale makes^ 

in. The third part of the inequality, anfwering to the 
trilinear I'pace OKQ, being the difference of the elliptic fedlor 
OFQ and the triangle OFK. 

The fedor OQF is proportional to an angle which is tbedii* 
Ibrenoe of two angles wfaofe tangents are in the given pro- 
portion of the femi4atus ieSi|m Ffi and the femi-tranfirerfe 
FN, or in the duplicate proportion of the leiler axis to the 
axis of lh(^ oibit. So that tiu:» ic6tor^ when at a maximum. 
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ani^ whofe line is to the radius as the difoencd 
of the lotus n&umi and tranfverfe to their Ann ; or as the 
diilerenoe of the fquares of the feiiit<-axe8 to thm fam. 

The triangle OFK is proportional to the re6langle of the 
co-ordinates OHand.HF; that is, as the rc6langle of the 
fine OH and its cofine^ in the circle on the radius FN; or 
as the fine of the dcmble of thai- angle whole fine is OH; 
that IB, the douhle of jibe angle whofe tangent is to.the ivt* 
gent of the angle QFL in the given ratio of the greater to the 
lefler axis; or whofe tangent is the tangent of the angle of 
mean motion anfvvering to the elliptic fedor QFL in the dupli- 
cate of the faid ratio. But this triangle OFK, when at a 
maxiomm, makes an angle of mean motion which is to the 
angle called R as BN, half the difTerence between the iattrn 
rectum and truaiVerfe axis^ is to the double of the Uanfverfe 
axis. 

So that the fe^oror triangle in orbits nearly circular is 
always' n^rly eqnal to the double of Bu//ia/(it<s*8 equation. 

The triangle and fe^or being thus dcstermined, the eqa»- 
tion for the trilinear fpace is accardiogly determined. Front 

what has been faid, it appears, that, 

1. This equation for the trilinear ipace OKQ is to that for 
the triangle OKF in a ratio compounded of BN, the dif- 
ference between the femi*lranfverfe and femi-latus re^m 
to the femi-latus ledura^ and of the duplicate proportion of • 
the fine OH to the radius; or OKQ is to OKF in a propor- 
tion compounded of the duplieate propoi lion of ilie dilhaiic^ 
of the foci to the fquarc of the leiler axis, and the duplicate 
proportion of the hne OH to the radius; for tl)e trilinear 
figure OKQ and the triangle OKF are nearly as OK and 
KHj which are in that proportion ; and confeqaently it holds 
in this proportion to the double of JJullialclus's equation. 

2. This equation, in different angles, is as tlie content 
onder the iine complement and the cube of the line; for 
the triangle OKF is as the re^ngle of the iine and the iine 
complement. 

3. It is at a maximum at an angle whofe fine complement 
is to the radius as the fc^uare of the greater axis is to the 
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fum of the fquares of the two axes; which in orhits nearljf 
cirealar is about 60 degrees of neon anomaly. 

4. In orbils of diffmnt ecoenUidtses it inereafies In llici 
qoadnipUcate proportion of the ecMltriclty. 

' d. It obfcrves the contrary figns to that for the elliptic 
equant^ called Bullialdms equation; fubda6ling from the 
mean motion in the firft and third quadrants, and adding in 
the {Second and fourth^ if the motvtm is nekoned £rain the 
apheliott. 

The ufe of thefe equations in finding the place of a planet 
from the upper focus will appear from the following rules^ 
which are eaiily proved from what has been faid. 

Let tbe eqnal to CA the femi-tranfverfe^ c equal to FC the 
diftance of llie centre from the foeus, b eqnal to CD the femi« 
conjugate, and R an angle fubtended by an arc eqnal to 
the radius, viz. 57' J 7' 44" 48'", or 57,295779^ degrees, 

Takean angle T = ^-f^ E = ^T;S= |t. 

The angle T will be the greatieft equation fortbetiiai^ 
OFK ; the angle S will be the greateft equation for the 

fegment LMG ; and the angle E will be the greateft equa- 
tion for the area OKFL. Which greateft equations being 
found, the equations at any angle of mean anooMly will be 
' determined by tbe following rules. 

Let M be the mean anomaly ; and let r be to T as the 
fine of the angle 2M to the radius : in which proportion, as 
alfo in the following, there is no need of any great exadnefs, 
it being fufficient to take the proportions in round numbers. 

Take e to £ as the fine of 2M ± to the radius; and s ' 
to S as the cube of thefine of M± r to the cube of the radius. 

Then the angle QFL is equal to M 4- e + s, in the firfl 
quadrant LN ; or M — e + s, in the fecond quadrant Nl ; 
or M + e — s, in the third quadrant: or M — e-*- Sj ia 
the fourth quadrant. 

Kote, That the finall equation r is ahrqrs of the fame 
fine With the equation e; and in the cafe <tf* the planela 
always near the double of that equation. 



Digitized by Google 



THE moon's MOTfON. 

The angle RFA at the upper focus F being known, the 
ang^ie KSA at the, fun in the other focus is found by the coiu- 
mon rule of Bittiop Ward; viz, the tangcipt of half the angle 
RSA is to be to the tangCDt of half the angle RFA always- 
in the given proportion of the perihelion diftaiice SP to the 
aphelion diflance SA. How thefe equations are in the feve- 
ral eccentricities of the moon's orbit^ will appear by tiie i'oUow- 
iog table. ' 



Eccentr. I 


£• 


s. 




■i 'i/' 


' il . ' 


0.040 


1.23 


09 


0.045 


1.4 J 


13 


0.050 


2.09 


17 


0.055 


2.36 


23 


o.oOo 


3.06 


30 


0.065 


3.38 


38 


0.070 


4.14 


47 



To add one example : fuppofe the eccentricity 0.060^ the 
mean anomaly 30^ The fine of the double of the mean 
anomaly, that is> the fine of 60, is to the radius nearly as 87 to 

lOO; whence, if the equation E = 3' Oii be divided in that 
proportion^ it will produce 2' 40" nearly for the equation e : 
the line of M is, in this cafe, equal to | the radius, jthe cube 
is f of the cube of the radius; whence if the equation S =: 30^ 
be divided in the fame proportion, it will produce near 4" for 
the equation s. Therefore iho angle RFA, which is M + 
c + s, will be 30° 2' 44"; and the half is 15** T 22" : where- 
fore if the tangent of this angle be diminiflied in the proper* 
tion of 1.06^ the aphelion diftance^ to the periheUon 
diflance, it will pfodnce the tangent of 15^ 23^ 13"; the 
double of which, 46' 26", is the true anomaly or angle 
at the fun RSA. And confequently the equation of the cen- 
tre is 3° 13' 34" to be fubduded^ at 30 degrees mean ano- 
maly. 

When the place of a planet is found by this or any other 
method, the place may be corre6led to any degree of eza^« 
nefs by the common property of the equant^ viz. that the rays 
are reciprocally in the duplicate proportion of tiie velocity 
^bout the centre; fbria this ca£e, if there be a diffetenoa 
Vol.. HI. Q 
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hetwem ibfi mtaft motion belonging Ip the aa^e $S6uMi at 

the upper focus and the given mean waolioo, the enor of the 
angle alTumed is to the difference as the re<ftang]e of the femi- 
axes to the redanglc of the diliaaees from the foci. But ia 
orbits like thofe of the planets the rules as the^i aie dffiieKA- 
alioTe are fafficieat of liMmfelves^ withoit feyrtiMf oameAioii* 



POSTSCRIPT. 

UPON feviewiag tliefe few iheets after they were 
printed off, which happeoed a little fooner than I expe^ed, 

I fear the apology I have offered for delivering the propofi- 
tions relating to the moon's motion in this rude manner^ 
without giving anj proof of them^ or fo much as mentioning 
4ie fuodameuta) ^rincipka of their demopftreUoo^ will fcaree- 
ly pafs as a fatisfadory one ; efpeciully fiiH^ there m ' 
among thefe propoiitioas forte which, I an^ apt to think, 
Cannot eafily be proved to be either tii^d pr fj^lfc Ij^ ai\y 
^lethods which a^e npw ii\ common ufe. 

Wherefore tO render fome ^tisfa^ion in tbia airtiqle»( 
Iball add a few words concerning ibfl pdncijples from whenee 
ihefe propofitions and otbers of tbe like nature ave derived; 
and alio take the opportunity to fubjoin a few reavi4fk» 
which ought to have been made in their proper places. 

Firjl, There is a law of wotiQO> which holda ia the cafi| 
wher^ a bo^^ defl^^ bj fowa tending OQ^ftaAtiy U$ 
two fixed points f 

Which is. That the body, in fuch a cqfe, will defcribe, hjf 
lines drawn from the tu o fixed points^ equal foi^^i^ ^gioi/ 
times about the line joining the faid Jixedpoints» 

The law of Kepkr, that bodies defcribe equal in 

equal times lAmt the canlrQ of tbeir i^volutibn, U the only 

general principle in tbe modem do&rine of oenlripqtal forces. 

But fince this law, as Sir Ifaac 'Newton has proved, cannot 
bold, whenever a body has a gravity or fo^ce to any oihf^ 

tlian »Qd tb^ (arn^ J^^h ba wanlMg 
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ibmB fiich law as I have.bere kid dowii« that may ferve to 
explain the motions of the moon and (atdliUbj which hAve a 
Igrmtjr towards two diflferefrt oentres. 

It follows, as a corollary to the law here laid down,, that if 
a body, gravitating towards two fixed centres^ be iuppofed^ 
forgiven finall intervals of time, as moving in a plane pafling 
drtoQgjh am of the fixed centret, ibfeidclinatioo of the laid 
plane i6 the line jtiinlng the centies irOl Tary aecording to the 
area defcribed ; that is, if the area be greater, the inclination 
will be lefs ; and if the area be iefs, the isiclioaUon will be 
greater, in order to make the folids equal. 

This cafbllary> when rightly e^phed^ wiU IStlnm to expiain 
the variation of the inclination of the plane of the moon's 
orbit to the plane of the e cliptic. 

And hnw extremely difficult it is to compute the variation 
of the inclination in any particular cafe, without the know- 
ledge of fomefwsh principle as this is, will heft appear^ if any 
one conlider the intricacy of the calculations nfed in the 
adtoHnriei} to the 94th prop, of the third hoolt of the Prfncipia, 
in order to ftate the greateft quantity of variation in that 
month when the line of the nodes is in quadrature with the 
fun, and that only in panicular Bumbe»i whfrehj^ it is deten- 
mined to be i^ 43^ 

Whereas, there is a plain and general rule in this cafe, 
which follows from what is laid down, though not immedi- 
ately; namely, that the greateit voriatioa in the faid poii^- 
tion of the moon's orbit is to the mean inclination of the 
plaae' as the dtfierence of the greateft and leaft areas defcribed 
in the fisme time by the itioon' about the earth, when in the 
conjundlion atid in the quarters, to the mean area. 
Wherefore if S be to L as the fun's period to the moon'ii 

period, the greatieft area is to the kaft ad VSS + 3 LL to S, or 
9LL 

as S 4- "-^^ to S pearly, by wha( is faid on this article 

in the 208th pf>ge. So that the difference of areas is to the 
mean area aS ^LL to SS + JLL ; and in the fame propor-» 
tion is the greateft variation of the inclination of the plane 
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in ibis mcmlh to the mean inclination^ which agrees .neady 
with Sk Ifaac*n compulation. 

Sixomllijy There is a general method for affigning the laws 
of tlie motion of a body to and from the centre, ab&radUy 
conddered, from its motion about tlie centre. 

The motion to and from the centre is called fay Kepler a 
libratory motion; the knowledge of which feeou ahfblntdy 
re(|uifite to define the laws of the fevolntion of a body, in 
rcipect of the aplides of its orbit. 

for the re volution of a body^ from apfis toapiisy is perform-* 
ed in the time of the whole iibratoiy motion ; the apddes 
of the orbit being the extreme points wherein the hbratoiy 
motion *ceafe8. 

So that, according to this method, the motion of a body 
round the centre is not confidered as a continued defledlion 
from ailraight line, but as a motion compounded of a circolap 
toiy motion ronnd the centre^ and a re<^ilinear motion to or 
firom the centre. 

Each of which motions require a proper equant. Of the 
cquant for the motion round the centre I have already given 
, ieveral examples; and in the cafe of ail motions which are 
governed by a gravity or force tending, to a fixed point, the 
real orbit in which the body moves is the equant for thu 
motion. In all other cafes it is a different figure 

The equant for tlie libratory motion is a curve line figure 
the areas of which ferve to ihew the time wherein the ieveral 
fpaces of the libration are performed. 

Which figure is to be determined by knowing the law of 
the gravity to the centre ; for the libratory force to accelerate 
or retard the moLioii lo or from the centre is the difference 
between the gravity of the body to the centre and the centri- 
fugal force ariiiug from the circulatory motion. But the 
latter is always under one rule ; for io ail revolutions round a 
centre, in any curve line,' whether defcribed by a* cen- 
tripetal force or not, the centrifugal force is dire<5tiv in the 
duplicate proportion of the area defcribed iu a given fmall 
time, and reciprocally in the triplicate proportion of the 
diitance; which is an immediate confequence of a known 
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propofition of Mr. Hui/gens, The like proportion alfo holds 
as to tbe centripetal force in all circular motions^ from a 
known propofition of Sir IfsLoc Newton, But what is true of 
the centripetal force in circles is univerfallj trae of the other 
force in ol-bits of any form. 

So that by knowing the gravity of the body, fince the 
other force is always known, the difference, which is tbe 
abfolute force to move the body to or from tbe centre^ will 
be known ; and from thence the velocity of the motion^ and 
the fpace defcribed in any given time, maybe found, and the 
equant defcribed. Thefe hints may be fufficient to fliew what 
the method is. 

To add an example. If the gravity be reciprocally aa the 
• fquare of the diitanoej the equant for tbe libratory motion 
will be found to he' an ellipfis fimilar to the orbit, whofe 

longer axis is the double of tbe eccentricity : the centre of 
the libratory motion, that is, the place wliere it is fwiltell, 
will be in the focus ; the time of tlie Lbration through the 
feveral (paces is to be meafured by fe^lora^ of the faid eilipfia^ 
fimilar to thofe defcrihed by the body round the focus of the 
orbit ; and the period of the libratory motion will be the famo 
with the period of the revolution. ' ) 

• In a.ny other law of gravity, the equant for the hbratory. 
motion will either be of a form difiijrent from the orbit, or, 
if it be of the fame form^ it muii; not be fimilarly divided. 

T may juft mention that the equant for the Hbratory mo- 
tion, in the cafe of the moon, is a curve of the third kinrl, or 
whofe equation is of four dimenlions ; but is to be defcribed 
by an '^^Upfis^ the centre of the hbration not. being in the 
foctts. 

. From, this method of refolving the motion it will not be 
difficult to (hew the general caufes of tbe alteration of the 

eccentricity and inequality in the motion of the apogee ; for 
when the line of apfides is moving towards tlie fun, it may 
be eafily ihewn, that, fince the external force in the apiidea 
U then centrifugal, it will contribute to lengthen tbe fpace 
*and time of the libration : by lengthening the (pace, it in* 
creafes the eccentricity ^ and by lengthening the time of the 



Digitized by Go ^v,.^ 



THB LAWS or 

Jibratlon, it protraAsthe time of the revolution to the npfis, 
ftnil.caui€8 what is improperly called a motk>n of the apii» 
iorward. fiat when the hut of apfidet m moviag to the ^pa^ 
^AtnrtiW tbe estorMi force in die npfidet is at that tine oni> 
Iripetal, which will contribate to flioiteii the fjmceand tim^ 
of lihration ; und by (liortening the fpace will thereby leflen 
the ecceotricity^ and by ihoricDiug the time of libration will 
thereby contradi tike time of the leirolatioii to tbe apiis, and 
^a»fe what '» improperJy eaUad a itttrograde motlaa oC th# 
apfi*. 

i (hall only add a few remarks^ which ought to have bcea 
made in their proper i)laccs. 

A% to the motioQ of the moon in the elliptic epicyole (p. 19B)> 
it fliould have been mditioned^ tfam there is no Ae#d of any 
acmtrate and petfle^ dcfoription of theoum call^ an ellipfii|» 
k being only to Aew the elongatiofi of the moon fkttn tha 
centre of the epicycle^ wiiich doth not require any fuch ac* 
curate defcriplion. 

itflioold haitfe been faid (Fig. 1), that ^ hen the moon is in 
aiiy (dace of its orbit^ foppoCe ^mawhcve at in that half ai 
lhatorbil whkh isM^tthe foB> 'it then being nearer the Am 
than the earth, has thereby a greater gravity to the fun than 
the earth : which 6xcefs of gravity, according to Sir Jfaac 
"Sewtons method, confiUs of two parts ; dne ailing in tho 
line.NV^.panilicft to ^t which johis the eatth and firn^ and 
flMffolhar ailing in tha Koe VB dir^aed lo the earth ; and 
ibefb two ibrtes^ being eomponnded into one, make a fbree 
directed in the line KB, which is in proportion to the force 
of giavit^ as lh€tt line I^B is to TB nearly. Wherefore as 
there is a force conflantly impelling the moon fomewhero 
tatrhrds tiia paia« B, this foioe is fuppofed to inflea the mo^ 
lion of the moon into a earre line about that point ; for the 
fame reafon as the gravity of it to the earth is fuppofed to 
jf\^e€i its motion into a curve line about the earth : not that 
the moon can a^^ally have fo many dtftini!:! motions, but 
1^ one ilmpie motion of ihe moon tonnd the fan is fuppofed 
to ariih ftoai a eompofition of thefe feTCtfai motions. 
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In the laft article on the fmall annual equations (page 213), 
tiieie rules ought to have been added. 

Let M be the equation of the fun's centre ; P the mean 
periodical time of the node or apogee ; S the mean fynodlcal 
time of the fun's ievQlatio<^ to the mode or apogee : then will 

5S 

2l^ie;iied^aAiuiM^9iMtliQ»of the node or apogee, aooordii 

ing as S and P are expounded. 

The hke rule will ferve for the annual equation of the 
moon'9 motiqn. If S be put for the fun's period, P for 
the. mean lynodical period of the moon to the fun, andL for 
the moon's period to the fbups^ the annual equation of the 

moon's mean motion will be ^13;:; i£. 

According to thefe rules, when expounded, the equation 
for the node will |^ fbuud to be ahrays In proportion to the 
^^ualtioQ of the fun's centare, neafiy as I to IS ; 

The equation of the apogee to the eq^uation of the iuu's 
centre as 10 to 53 ; 

And the equation of the moon's mean motion to the fame 
l» 8 to 77. 

It may be tbroughout obCerved^ tfafttt &e propofitions «re 

ia geiieicil terms, fo as to ferve, mutaiU mutandis, for any' 
other fatellite as well as the moon. 

There might have been feveral other obfervations and re- 
madm made hi many other places, had there been Aifilcient 
time for it; but, perhaps, what I have already faid may be 
too much^ confidering the manner in which it is delivered. 
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